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STABILITY OF EARTH SLOPES 


By Donatp W. Tayitor, MEMBER * 


SYNOPSIS 


THIS paper presents a review of several methods which have been 
proposed for analyzing the stability of earth slopes, with comparisons 
of the results they furnish. Two methods which appear to give con- 
sistent and reliable results have been studied in considerable detail, 
and complete mathematical solutions have been obtained. Although 
the equations of the mathematical solutions are somewhat involved, 
they have been evaluated, tabulated and plotted in such form that the 
solution to a practical problem may be found almost at a glance. 

Numerous simplifying assumptions must be made in any approach 
to this problem, an important one being homogeneity of the soil. Con- 
sequently it must be recognized that in general no solution can be 
accepted as wholly reliable. However, as indications of the conditions 
which exist, and as aids to judgment, the results may often be of great 
value to the engineer, and they are presented herein with that end in 
view. 

Measurement of the constants which describe the shearing strength 
of the soil is briefly discussed. As understanding of the phenomena of 
shear in soils becomes more advanced, the reliability of results of sta- 
bility computations will increase and better methods of computation 
may be developed. At present, the accuracy with which shearing 
strength may be determined is decidedly the limiting feature, and it is 
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probable that the methods recommended herein wil! prove adequate 


for some time to come. ow. 

Values for unit weight and their applicability are discussed. The 
effect of seeping water is analyzed, and a procedure is recommended 
which does not require determination of a flow net. 


GENERAL CONSIDERATIONS AND ASSUMPTIONS 


There are three distinct parts to an analysis of the stability of a 


slope. 
1. The Testing of Samples to determine the Cohesion and Angle of 
Internal Friction. — lf the analysis is for a natural slope it is essential 


that the samples be undisturbed. In such important respects as rate 


of shear application and state of initial consolidation, the conditions — 


of testing must represent as closely as possible the most unfavorable 
conditions ever likely to occur in the actual slope. 


2. The Study of Items which are Known to Enter but which Cannot © 


be Accounted for in the Computations. — The most important of such 
items is the progressive cracking which will start at the top of the slope 
where the soil is in tension, and, aided by water pressure and perhaps 
frost action, may progress to considerable depth. In addition, there 
are the effects of the non-homogeneous nature of the typical soil and 
other variations from the ideal conditions which must be assumed. 
Decisions on these complicated points will tax the judgment of the 
most competent and experienced of engineers to the limit, and for im- 
portant projects, where stability is essential, the best in consultation 
advice is to be recommended. For preliminary studies, however, con- 
servative decisions on such points will lead to analyses which will at 
least give valuable indications of the condition of stability. 

3. The Computations Themselves. — Parts 1 and 2 are both of fully 
as much importance as part 3. The principal aim of the main body of 
this paper, however, is to present a practical and simple method of 
handling part 3. Part 1 will be covered only in a general way, while 
phases of part 2 are discussed near the end of the paper. 


If a slope such as that illustrated in Fig. 1 (a) is to fail, all shearing 
strength must be overcome along some surface, which then becomes a 
surface of rupture. The arc AB in this figure represents one of an in- 
finite number of possible. traces on which the failure might occur. For 
the simple case which is to be considered here the slope is assumed con- 
stant, the top surface level, and the soil homogeneous throughout. 


cami 
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_ Thus a simplified section is taken, but it may be noted that many actual 
slopes may be closely approximated by such an ideal section. 
It is assumed that the problem is two-dimensional, which theo- 
retically requires infinite running length of slope. However, if the cross 
section investigated holds for a running length of roughly two or more 
times the trace of the rupture, it is probable that the two-dimensional 
case holds within required accuracy. 

Most methods of approach to the problem assume that the rupture 
surface passes through the toe of the slope, point A of Fig. 1 (a). It is 
known that the higher the slope the more likelihood of failure, thus, so 
long as the material is homogeneous to an unlimited depth, a rupture 
surface passing through a point part way up the slope is not to be ex- 
pected. However, the possibility that the rupture surface may pass 
below the toe of the slope and break out at the surface some distance 
away must not be overlooked. 

The determination of the shape and location of the surface of rupture 
is a very important consideration. If stability analyses could be made 
for each of the infinite number of possible surfaces, that one showing the 
most unfavorable condition of stability would be the rupture surface in 
case of failure. As such a procedure is at present impossible, the surface 
of rupture is determined in the various methods of solution (a) by pure 
assumption, (b) by mathematical analysis, or (c) by assumptions based 
on studies of actual slides. This point will be discussed later for the indi- 
vidual methods. In plastic soils, instead of a definite surface of rupture 
a zone of plastic flow may be expected. This need cause no concern 
here, however, since if a slope of such a material is just at the point 
of failure, the use of any surface composed of slip lines within the 
plastic zone as a rupture surface should show a limiting condition of 
equilibrium. 

The shearing strength of the soil is 
relationship known as Coulomb's Law — 


assumed to follow the empirical 


s=c-+n tan ¢ 


wherein s is the unit shearing strength, ¢ the unit no-load shearing strength 


or unit cohesion, the applied normal stress on the surface of rupture, 
and ¢ the effective angle of internal friction. It must be carefully noted 
that the values for cohesion and effective angle of internal friction are 
not necessarily constants for a given soil, but are intended to represent 
quantities which may be depended upon to hold for a definite set of con- 
ditions. Any attempt ata thorough discussion of the subject of shearing 
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strength of cohesive soils is far beyond the scope of this paper. How- 
ever, brief mention of a few of the most salient points may be desirable. 

The linear relation expressed by Coulomb’s Law must be looked 
upon as an approximation. If a series of laboratory tests is run, con- 
forming to a given set of conditions, a plot of shearing strength against 
normal pressure will usually show a definite curvature. Generally, how- 
ever, this curve may be approximated by a straight line without intro- 
ducing serious error. 

Foremost among the conditions in*nature which must be reproduced 
in the laboratory are the rate of application of shearing strain and the 
state of initial consolidation. Terzaghi has discussed these items briefly 
(Fig. 9, reference 9a),* and they have been a subject of study by many 
investigators. In Sweden, where the principles of the method which is 
used herein originated, it has been found that for many cases actual 
conditions are best represented by an effective angle of internal fric- 
tion of zero. In general, however, it would not be advisable to make 
this assumption without investigation. 

Another item of great importance is the loss in shearing strength 
which many clays show when subjected to large shearing strain. The 
stress-strain curves for such clays show the stress rising with increasing 
strain to a maximum value, after which it decreases and approaches an 
ultimate value which may be much less than the maximum. Since a 
rupture surface tends to develop progressively rather than with all the 
points at the same state of strain, it is generally the ultimate value that 
should be used for the shearing strength rather than the maximum 
value. 

In recent years much progress has been made in the development 
of a satisfactory understanding of the behavior of cohesive soils in shear, 
but many features are still only partially understood. It is probable 
that there are constant values for effective cohesion and effective angle 
of internal friction for Coulomb’s Equation which approximately but 
adequately express the shearing strength for any given set of conditions. 
Undoubtedly the soil engineer of the future will be able to furnish better 
values for these constants, and quite possibly he may develop better 
methods for using them in stability analyses. However, the limiting 
factor of such analyses is the determination of the shearing strength 
which a soil possesses. Thus the methods presented herein appear to 
be adequate, and with the development of more accurate methods for 


determining values for shearing strength may be used in the future with 
increasing dependability. 


* Numbers in parentheses refer to Bibliography at end of paper. 
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The subject of undisturbed sampling should not be passed without 
mention. If the structure of a soil is disturbed in sampling, the shearing 
strength is changed, and, regardless of how accurately other conditions 
are reproduced in the testing, this discrepancy is always present. When 
an analysis is made for a slope of a natural clay which has a structure 
such that disturbance causes radical change of properties, it is impos- 
sible to overemphasize the importance of requiring samples which are 
as nearly undisturbed as can be obtained. 

The scope of the methods discussed herein is limited to clays or 
other cohesive materials which are not fissured. Considerations of stiff 
fissured clays, where the point in question is that of preventing disinte- 
gration rather than one of stability, have been discussed by Terzaghi (90). 


SUMMARY OF METHODS 


A number of methods for stability computations have been ad- 
vanced. All assume homogeneous soil, constant angle of slope, level 
top surface and shearing strength as expressed by Coulomb’s Equation. 
Unless otherwise noted, the assumptions are also made that cohe- 
sion is constant along the entire rupture surface and the rupture sur- 
face passes through the toe of the slope. The commonest methods may 
be summarized as follows: 

1. The Culmann Method (1) assumes rupture will occur on a plane. 
It is of interest only as a classical solution, since actual failure surfaces 
are invariably curved. The general formula for this method is given 
later under Comparisons of Methods. 

2. The Résal-Frontard Method (2, 3) assumes the soil mass to act 
as a slope of infinite extent, and, by use of conjugate stress relationships, 
results in an equation for the rupture surface. This method has been 
criticized because the results indicate that the mass above the rupture 
surface is not in static equilibrium when just at the point of failure with 
all shearing strength being utilized. However, the results are on the side 
of safety, and it is interesting to note that on one very important point 
they agree with actual conditions by indicating that the upper part of 
the mass is in tension. This method assumes that no cohesion may be 
depended upon within the depth to which tension occurs. Formule are 
given later under Comparisons of Methods. 

3. The Circular Arc Method was first proposed by K. E. Petterson, 
based on his study of the failure of a quay wall in Goeteborg in 1915 or 
1916. The justification that circular arcs are close approximations of 
actual rupture surfaces comes from field investigations of a large num- 
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ber of actual slides, especially in railroad cuts, by the Swedish Geotech- 
nical Commission (4). An infinite number of arcs may be drawn for any 
given slope, the one to be used being that one which is least stable. That 
such arcs may either pass through the toe of the slope or may pass below 
this point is borne out by the field investigations; thus the method is 
not limited to arcs through the toe of the slope. This method has been 
widely accepted as satisfactory, and several methods of procedure based 
on the circular arc have been proposed, among which are the following: 


3 (a). Method of Slices (4, 5, 6).— This method was advanced 
by the Swedish Geotechnical Commission and developed in quite 
some detail by Professor W. Fellenius. By dividing the mass above 
the rupture plane into vertical slices and assuming the forces on 
opposite sides of each slice are equal and opposite, a statically deter- 
minate problem is obtained, and semigraphical methods have been 
devised by which the stability of the mass may be analyzed for any 
given circle. The main objection to this or any other graphical 
method rests in the fact that the most dangerous one of an infinite 
number of possible circles must be found, and thus the graphical 
procedure must be repeated for a large number of circles. It is to 
be noted that some assumption must be introduced to make the 
problem statically determinate; the one mentioned above, which 
is but one of several which have been proposed, is generally recog- 
nized as the most suitable. 

The work of Professor Fellenius includes a general solution 
which is the result of many series of graphical analyses based on 
this method, and which is presented (5) in the form of nests of curves. 
For the special case of 6=0 he also obtained a general mathemati- 
cal solution. In addition he has given data on locations of critical 
circles which will be discussed later. 

3 (b). -Circle Method. — This is one of the two methods upon 
which the general solution given in this paper is based. An assump- 
tion is introduced which may be more easily justified than that of 
method 3 (a), and the mathematical solution which has been derived 
eliminates all graphical work. A more complete description will be 
given later. 

3 (c). The Jéky Method (9c) is a mathematical solution based on 
the equation of continuity of stress. The boundary conditions 
which locate the critical circle place too much dependence on the 


circular assumption and lead to results which are somewhat on the 
unsafe side, as discussed later. 
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4. The Spiral Method (7) assumes the rupture surface to be a loga- 
rithmic spiral. No further assumption is required to make the problem 
statically determinate, which constitutes the important advantage of 
this method. On the other hand, solutions based on spiral surfaces are 
not as easily handled by graphics or mathematics as are those based on 
circular arcs. As in the circular arc method, al! possible logarithmic 
spirals, passing either through or below the toe of the slope, should be 
investigated to locate which is most dangerous. A mathematical solu- 
tion for this method has been obtained by the writer and is covered in 
detail later. 


THE ¢$-CirRcLE METHOD 


The solution of the slope stability problem is developed below, using 
the ¢-Circle Method. The basic assumption which characterizes this 
method is explained following the description of the forces which enter. 

The $-Circle Method was proposed some years ago by Professors 
Glennon Gilboy and Arthur Casagrande, its initial use being in the de- 
velopment of a completely graphical solution of the slope problem. For 
any circle that is analyzed, the result by this solution is a vector, the 


é fe ere ret 
length of which represents the quantity o , wherein w is the unit weight 


of the soil and ¢, is the unit cohesion required for equilibrium. It became 
evident, from the graphical layout for any given inclination of slope and 
any given angle of internal friction, that one plot could represent the 
case for various heights of slope merely by the use of different scales. 
Hence, if the length of the vector is divided by any characteristic linear 
dimension, such as H, the vertical height of the slope, the result is an ab- 


LG : : 
stract number = _ This number, when determined for the most danger- 
w 


ous circle, describes the requirements for stability of any case involving 
the given slope and angle of internal friction. This relationship sug- 
gested the possibility of obtaining a general solution for all slopes and all 
angles of internal friction so that, once determined, there would be no 
further need of analyzing each individual case. Some years earlier 
Fellenius had originated the expression which in the notation of this 
Ac : : : : 
paper is ae but in his paper (5) he did not emphasize the basic nature 
Ww 
of this relationship. 
In the mathematical solutions which have since been set up by the 


; C : - 
writer, the form used for this abstract number 1s Fol’ wherein F is the 
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factor of safety with respect to cohesion, and c is the actual unit cohesion 
for the soil in question. This basic dimensionless expression will be 
called the ‘Stability Number.”’ 

Two different factors of safety have been proposed for use in sta- 
bility problems. Fellenius and most other investigators have used the 
ratio of actual shearing strength to critical shearing strength, which is 
in agreement with the usual conception of factor of safety, and will be 
called the true factor of safety. The other factor has been used by Jaky 
(9c) and Rendulic (7), and may be described as the ratio between actual 
cohesion and critical cohesion. Of the two items which comprise the 
shearing strength, namely, cohesion and friction, this latter factor has 


(b) 


Fic. 1.— SKETCHES SHOWING ELEMENTS OF THE @-CrRCLE METHOD FOR 
CIRCLES PASSING THROUGH TOE OF SLOPE 


bearing on the cohesion only, and will be called herein the factor of 
safety with respect to cohesion. In setting up mathematical solutions, 
the use of this latter factor proves to be simpler, thus it is used in the 
derivations given herein. However, it will be shown later that the true 
factor of safety may easily be adapted in the results of these solutions. 
In Fig. 1 (a), AB is any circular arc through A, the position of the 
center O being described by the two variable co-ordinate angles x and y. 
Arcs which pass below the toe of the slope will be treated later. The 
section considered extends a unit distance in the third dimension. The 
forces acting on the mass above the arc are shown in Fig. 1 (a), while 


Fig. 1 (b) shows the equilibrium polygon. The three forces entering 
are — 
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W, the Weight of the Mass. — The vector representing W will act 
vertically through the center of gravity of the mass, and its magnitude 
and line of action may be found easily by any one of several methods. 

C, the Resultant Cohesion. — Its magnitude is c,L, where c, is the 
unit cohesion required for equilibrium and L is the length of the chord 
AB. Its line of action is parallel to the chord AB, and its moment arm, 
a, is described by — 


where L is the length of arc AB. Thus the line of action of C may be 
found, and its position is independent of the magnitude of the cohesion. 

P, the Resultant Force transmitted from Grain to Grain of the Soul 
across the Arc AB. — The intersection of W and C is known. Since the 
three forces W, C and P must be concurrent, P must also pass through 
this intersection. With W known in magnitude and direction and the 
direction of C also known, the force polygon may be constructed if a 
second point can be obtained on P to determine its direction. This is 
accomplished by the basic assumption of the ¢-Circle Method. 

P is made up of small elementary forces, such as p, which must act 
at an obliquity of ¢ to the arc AB. If pis produced and a small circle 
is drawn with center at O tangent to the produced line, it will be seen 
that the p force for any other element of the arc AB will also be tangent 
to it. This small circle is called the ¢-circle. Any two such p forces 
will intersect just outside of the ¢-circle so their resultant would pass 
just outside this circle, and by the same reasoning P must pass outside. 
The assumption introduced is that P is tangent to the ¢-circle. It is 
to be noted that this idea is not new, being only a new application of a 
scheme developed by Dr. H. Krey (8) and used by him in other types 
of analyses. Studies have been made to estimate the degree of inaccu- 
racy involved by this assumption, and a discussion of these will be in- 
troduced later. 

The mathematical solution is given, first for the case of circles 
passing through the toe of the slope, and followed by the case of 
circles passing below the toe of the slope. 

From Fig. 1 (a): 


ial 


4 = = ¢R sin y (1) 


C=c,L= 


| 
"q[ tv 


\H? 4 
W=wR’y—wR’ sin y cos y+ (cot x—cot 1) (2) 
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R=", csc * CSC Y (3) 
Wd =[wR?y] [= ate x |—[wR? sin y cos y| [= cos y sin x | 
+ EE cot | [Z cot x+R sin (x—y) | 
os es cot i| [z cot 7+R sin (x-y)| 


which, reduced and combined with (3), gives — 
wH* ae 
Wd= 12 [1—2 cot?i+3 coticotx—3coticoty+3cotxcoty] (4) 


From Fig. 1 (c): 


OO’ =d csc u (5) 
OO' =a sec (x—u)=R y csc y sec (x—u) (6) 
OO’ =R sin ¢ csc (u—v) (7) 


From Fig. 1 (0): 


W _ cos (*—v) 
C sin v 


=cos x cot v+sin x (8) 


substituting (3) in (2) and the result in (4) 


bho 4 csc” x (y esc” y—cot y)+cot x—cot 4 9 
2d 4 (1—cot” 7)+cot 7 (cot x—cot y)+cot x cot y (9) 
From (5), (6) and (3): 
cot u= aq 9 See ¥ esc x csc’? y—tan x (10) 
From (5), (7) and (3): 
sin (%w—v) = od sin u csc x csc y sin (11) 


placing (3) in (1) and (2), then setting (8) equal to the ratio of (2) and (1) 


ce esc’ x (y csc” y—cot y)-+cot x—cot i . 
FwH 2 cot x cotv+2 24 


~ EE 
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The solution for the case where the rupture surface passes below the 
toe of the slope is almost as simple as that for the above case. The only 
important difference is that another variable enters which is designated 
by 2, and is shown in Fig. 2 (a). However, there are still only two de- 
grees of freedom, since a condition enters which must be satisfied. 


(a) 


Fic. 2. — SKETCHES SHOWING ELEMENTS OF THE -CIRCLE 
METHOD FOR CIRCLES PASSING BELOW ToE OF SLOPE 


Consider the case shown in Fig. 2 (b) where the right vertical tan- 
gent of the ¢-circle passes through the mid-point of the slope M. If 
the slope EF is cut away parallel to itself to the line E,F,, the changes 
in forces W, C and P may be studied by a g-circle analysis. Since W is 
decreased, its change AW, is an upward force which will act through 
the center of gravity of the area removed. The line of action of C must 
be the same before and after the change, thus AW, and AC, inter- 
sect at point O,, and AP, must pass through this point and also be 
tangent to the $-circle. AC, acts to the left, which indicates a de- 
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crease in the required cohesion, and it is seen that the removal of the 
mass EFF,E, has given a more stable condition. 

Similarly, if the slope EF is built up to E,F,, adding force AW), 
the analysis demonstrates that AC, also acts to the left. Therefore 
moving the mid-point of the slope to either side of the right vertical 
tangent of the ¢-circle leads to greater stability, and the requirement 
that the mid-point must be on this tangent for the most dangerous 
circle must be introduced. 

It may also be seen that there is little need of investigating cases 
of rupture arcs passing through the toe of the slope for which the mid- 
point of the slope is to the left of the right vertical ¢-circle tangent, 
since a more dangerous case is obtained by moving the same circle to 
the left, allowing it to pass below the toe of the slope. 

The condition may be obtained from Fig. 2 (a), as follows: 


AE+EG=JO+0T 
or 
nH++3 H coti=R sin (y—x)+R sin $ 


and inserting R from equation (3) 
n=% (cot x—cot y—cot i+sin @ csc x csc ¥) (13) 


This equation could be used to eliminate » from the equations 
which follow. However, the requirement that 7 be positive must always 
be checked, and it is convenient to retain 7 as a dependent variable. 

As compared to the case where the rupture arc passes through the 
toe of the slope, shown dotted in Fig. 2 (a), the change in W is — 


FT? 
— wn? = (—2n) 
the change in Wd is — 
; wH? 
(—wnH?’) (R sin ¢—3 nH) oa (2n?—2n sin @ csc x esc y) 
If these changes are inserted in equations (9) to (12), inclusive, 


there results — 


H 2 csc x (y esc? y—cot y)+cot x—cot i—2n 


2d 4 (1—2 cot? i)+cot i (cot x—cot y)-+cot x cot yt+2n*—2n sin csc x csc y (14) 


4 


———— 
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co wi | y sec x csc x csc’ y—tan x (15) 
: eee : 
sin (u—v)= 3q Sin u csc x esc y sin d (16) 
eu) ats esc’ x (y csc? y—cot y)+cot x—cot i—2n ; 
FwH 2 cot x cot v+2 tp) 
: Cc ° 
To obtain the value of Foll for any desired values of slope and fric- 


tion angles and any chosen values of x and y, equation (13) may be tried 
first to determine whether or not the circle will pass through the toe of 
the slope. As a negative value of 7 is impossible, equation (13) must 
be discarded if it shows a negative result, and the circle will pass through 
the toe. For this case, evaluation of equations (9) to (12), inclusive, 


used in numerical ord ive i i o d finall : 
i ri er, give in succession —, u, v and finally ——- 
8 oie? Y FwH 


_ If equation (13) shows a positive value of m, the procedure is the same; 
equations (9) to (12) may be used for circles through the toe, while for 
circles below the toe equations (14) to (17) are to be used. 


For the case of ¢=0 the above equations may be simplified, and 
by differentiation with respect to the variable angles x and y the loca- 
tion of the critical circle may be obtained. The results for this special 
case will be discussed later. For the general case, where the friction 
angle is greater than zero, the very tedious method of trial must be 
resorted to, but the use of computing machines is of great assistance. 

The procedure used in determining the tabulations was to choose 


C ; 
values for x and y and compute Fol 2° outlined. The center of the 


circle corresponding to these co-ordinates was plotted and at this 
c : 

point the value of Fort o0orded: Several such centers were tried, each 
w 

helping to choose the following one until enough values were obtained 


to allow contouring and the determination of the maximum or critical 


value of ie After the procedure was standardized it was found that 
W. 


for each case of slope and friction angle from 10 to 20 trial centers 
were needed to locate the maximum. This procedure was carried out 
for a representative group of values of friction and slope angles, and 
Table I gives all pertinent data for all cases that were computed. 
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TABLE [| 


DaTA ON CRITICAL CIRCLES BY @-CiRCLE METHOD 


Corrected 
D < c 
i o ae y n FwH “FwH * 
OOF : ; 0 47.6 15.1 - - 261 261 
5 50 14 = - .239 .239 
10 53 13.5 - = .218 218 
15 56 13 - - 199 199 
20 58 12 ~ a 182 182 
25 60 11 = - 166 166 
ie 2 : 0 41.8 25.9 - - 219 aio 
5 45 o8 - = sk) 195 
10 47.5 23.5 = - 173 173 
15 50 23 - - 153 152 
20 53 22 - - 135 134 
25 56 22 = - 118 117 
GOs ae é ; 0 35.3 35.4 - - 191 191 
5 38.5 34.5 - - 163 162 
10 AL 33 = - 139 138 
15 44 31.5 - _ 118 116 
20 46.5 30.2 = - .098 097 
25 50 30 - - 081 .079 
a f : 0 (28.2)t| (44.7) S (1.062) | (.170) || (.170) 
5 Sie 42.1 = 1.026 138 136 
10 34 39.7 - 1.006 110 108 
15 36.1 37.2 = 1.001 086 .083 
20 38 34.5 - - 065 062 
25 40 31 - - 046 044 
80) 4 : : 0 (20) (53.4) - (1.301) | (.156) |) (.156) 
: { (23) (48) - (1.161) | (2112) 1 Cato) 
20 53 0.29 1.332 13 110 
10 25 44 - 1.092 .078 .075 
15 a7 39 = 1.038 049 046 
20 28 31 - 1.003 027 025 
25 29 25 - - 010 009 
154 ‘ ; 0 (10.6) | (60.7) - (2.117) | (.145) |} (145) 
5 { (12.5) | (47) - (1.549) | (.072) || (.068) 
11 47.5 0.55" 1°4. 697 074 .070 
10 { (14) (34) - (1.222) | (.024) (.023) 
14 34 0.04) Go1y222 024 .023 
All values ¢ 3 0 0 66.8 (ore) ie“e) 181 181 


* With ¢-circle correction applied. 

} Figures in parentheses are values for most dangerous circle 
circle exists which passes below the toe. 

A critical value at infinite depth. (See Fig. 8.) 


through the toe when a more dangerous 
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As may be noted from this table, the critical circle through the toe 
of the slope was determined for each case. For cases of ¢ greater than 
zero in only three instances did the most dangerous circle pass below the 
toe, and for these double values appear in brackets. It is evident that 
the differences in these bracketed values are so small that circles passing 
below the toe might well have been neglected. An exception to this 
statement rests in the case of 6=0 and 1< 53°, which is yet to be dis- 
cussed. Where the circle passes below the toe the value of 7 is given in 
the table. When y > x the lowest point on the rupture arc is at a lower 
elevation than the toe of the slope, and thus the existence of an under- 
lying ledge or other surface of high shearing strength might have an 
effect on the Stability Number. The values of D (see key sketches of 
Fig. 8), which describe the depth to the lowest point of the rupture arc, 
are given in the table for all cases where y > x. 

The final column of Table I gives the value of the Stability Number 
after the ¢-circle correction has been applied. Returning now to the 
discussion of the ¢-circle assumption, this correction will be described. 

The distribution of the p forces (Fig. 1 (a) ) is indeterminate, but 
investigations may be made for various assumed distributions. If k 
represents the ratio by which the moment arm of the force P exceeds 
the radius of the ¢-circle, it may be shown that — 

(a) Assuming a constant intensity of p forces — 


et aa 
sin y 


wherein y is half the central angle at the arc, as shown in Figs. 1 (a) 


and 2 (a). 
(b) Assuming intensity of p force equal to zero at A and B and 
varying sinusoidally between — 
-@) 
Poesy 
cos y 


k= 


For a given distribution assumption, k depends only on the central 
angle 2y, and the relation between k and 2y is plotted in Fig. 2 for cases 
(a) and (0). 

In all probability, assumption (a) is not even approximately cor- 
rect, while assumption (b) is close enough to the actual to describe k 
with reasonable accuracy. By referring to the critical values of y as 
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given in Table I, it may be seen that the highest value k will ever attain 
for cases where ¢ > 0 is about 7 per cent. 

It is of especial interest to note that the line of action of P as ob- 
tained by the use of the ¢-circle assumption would be strictly correct 
for some slightly smaller value of ¢; thus the assumption exactly cor- 
responds to using a slightly conservative value of ¢. Instead of the 
g-circle, a circle of slightly larger radius should be used, and on this 
basis a correction which will be called the ¢-circle correction may be 


Fic. 3. — CHART FOR DETERMINATION oF Factor “K” IN THE 
@-CIRCLE CORRECTION 


made by the use of the k values of Fig. 3, curve (b). Asan example, for 


a pe tS . C 
i=30° and $=15°, Table I gives Fw 7049 and y=39°; hence from 


Fig!3,2=4.5%. The radius of the ¢-circle is Rsin d. If the corrected 


circle of slightly larger radius, R sin $’, is introduced, the following is 
the relationship which must hold: 


R sin $’=R sin @ (1+k) 
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By solving, ¢’=15°—42’, and by interpolation in Table I, for <=30° 


E 
_4c0_4gr 
and ¢=15°—42’, Full 


= .046, which is the corrected value. From a 


Cc A 
practical viewpoint, the original value of Far .049 is slightly conser- 


vative and sufficiently accurate. The correction is never larger than in 
this illustrative case, and it is evident from the above equation that the 
correction vanishes when ¢=0. 


Locations 


OF 
CENTERS OF CRiTicaL CIRCLES 
THRoQUGH Toe oF SLOPE 


o—o BY $-CiRcLE METHOD 
&— —— GIVEN By FELLENIUS 


A 


Fic. 5 


The corrected values of Stability Number in the last column of 
Table I are accurate to three figures of decimals, which should always be 
sufficient for stability of slopes problems. 

After the ¢-circle correction has been applied, a rewording of the 
assumption involved should be made. The assumption that the force 
P is tangent to the ¢-circle is replaced by the assumption that the 
distribution of the force P along the rupture is sinusoidal. 

In Fig. 4 the results are presented as a nest of curves which allows 
easy interpolation. These curves give the critical values irrespective 


aot 
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of the depth below the surface to which the critical circle may pass, and 
thus may be conservative if there is any limitation in this depth. 

The co-ordinates describing the critical circles, as tabulated in 
Table I, are used for plotting Fig. 5, which shows the location of centers 
of most dangerous circles through the toe of the slope. As the ma- 
jority of these centers were located only to the nearest degree in x and y, 
it may be noted that the plotting of the points is a bit irregular. This 
is, however, of no real importance. The data given by Fellenius for the 
locations of critical centers for circles through the toe consist of locations 
of centers for cases where 6=0, together with the information that for 
flat slopes, when ¢ > 0, the center will be approximately on a line 
through the point for ¢6=0 and through a point at a depth H below 
and 4.5 H back from the bottom point of the slope. These points are 
plotted in Fig. 5 by triangles and the lines shown broken. As is to be 
expected, since Fellenius’ work for $=0 was carried out mathemati- 
cally, it checks exactly with the 6=0 values of Table I. For slopes © 
of 30 degrees and less the line given is also in fairly good agreement. 
For slopes of greater than 30 degrees, Fig. 5 would tend to show that this 
line begins to deviate appreciably from the most dangerous center, but 
it still may be used without serious error for slopes up to about 60 de- 
grees as is indicated in Fig. 6. This figure shows the contouring of 
aa values with respect to the centers used, for 1=60 and $=20°. 
Any point on the contour marked .090, if used as a center, gives 


=(.090, and any point within this closed curve represents a value 


é 
FwH 
between .090 and the critical value .098. Thus any point within this 
rather large area, if used as a center, will give a value which will not 
differ from the critical value by more than 9 per cent. A line on the basis 
of that given by Fellenius is also shown on the figure, and, while it 
misses the critical point by an appreciable amount, it may be seen that 
the maximum along this line is .095, which is only 3 per cent below the 
critical value. On this same figure the traces obtained for the critical 
failure planes by the ¢-Circle, Culmann and Jaky Methods are shown. 
The ¢-circle correction has not been applied in Fig. 6. However, in 
all other figures applying to the ¢-Circle Method, in which the Sta- 
bility Number appears, this correction has been made. 

When the effective friction angle is equal to zero, an unusual con- 
dition is met which requires special attention, as was pointed out by 
Fellenius as early as 1918. Mathematical analysis shows that there is 
4 maximum value of the Stability Number which is independent of the 
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slope angle and is equal to 0.181; which occurs when angle x is zero 
and the rupture surface has infinite radius and passes an infinite dis- 
tance below the toe of the slope. 

Zero friction angle and constant cohesion must mean constant 
shearing strength regardless of depth, a situation which cannot be pos- 


c 
FwH 


Contours BY $-CincLe METHOD 


AND 


Critical RuPpTURE SuRFACES 
FOR 

- 9-CircLle MetHop (CENTER at A.) 

~ Cucmann METHOD 

. Jaxy MetHop (CENTER at C.) 


, LINE ON WHICH CRITICAL CENTER LIES, AS 
GIVEN BY FELLENIUS FOR FLAT SLOPES 


FOR 
i = 60° 


=20 


Fic. 6 


sible to infinite depth. However, the shearing strength of embank- 
ments may often be essentially constant down to some definite strata 
of higher strength; for instance, to hardpan or ledge. Furthermore 
the above maximum condition must mean that the Stability N AEN. 
will increase with depth; thus to analyze such cases the relation be- 
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tween Stability Number and the available depth within which rupture 
may occur must be known. 

Although this maximum value is independent of the slope, there 
is the maximum value for circles through the toe which occurs as shown 
in Fig. 5. This maximum through the toe gives Stability Numbers which 
are greater than 0.181 for slopes steeper than 53 degrees; thus the study 
of deep-seated rupture arcs is confined to slopes of less than 53 degrees. 
Fellenius called attention to the fact that for ¢=0 and slopes flatter 
than 53 degrees, the critical circle passes below the toe and has its cen- 
ter above the mid-point of the slope. He also gave data computed by 
mathematical solution for this case with a uniformly distributed sur- 
charge at the top of the slope, but these data are limited to cases of 
vertical slope and values of depth factor D of 1, 1.5 and 2. In develop- 
ing a complete solution of this case for the simplified conditions adopted 
in this paper, the following formulas were used. It should be noted that 
the ¢-circle assumption does not enter when ¢=0. 

When ¢=0, equation (12) reduces to — 


C sin? x sin’ y Ea cot’ i 


Fwll 2y 3 +cot x cot y+cotz (cot x—cot v)| (18) 


This simplified formula, in almost exactly the same form, was given 
by Fellenius. 
Equation (13) becomes — 


1 P 
n=, (cot x—cot y—cot 2) (19) 


and for circles below the toe, equation (7) becomes — 


ouie) ee en De : 
ae EU E Bees Fe ect (cote —coty)-+2n" | (20) 
FwH 2y 3 
or — 
c 1 <9 8) 2—cot?i aD So) 20 
© =~ [sin x-+sin* y————_ sin x sin" y (20a) 
FwH 4y 3 


From Fig. 2 (a): 


=; (csc x csc y—cot x cot y+1) (21) 
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in which D may be designated as depth factor, and from which — 
csc x= (2D—1) csc y+2VD?—D cot y (22) 


For any chosen value of D, there is only one degree of freedom in- 
volved in the problem to be solved, since for any assigned value of y the 
value of x is available from equation (22). For critical circles through 
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the toe, by the use of equations (22) and (18), a curve of Stability Num- 
ber against depth factor D may be obtained. 

In Fig. 7, line FBCG represents this condition for 7=15°. How- 
ever, after equation (22) is evaluated, equation (19) should be tried, 
since positive values of m indicate a critical circle below the toe. If x 
is positive, as it will be for sufficiently high values of D, equation (20) 
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or (20a) should be used instead of equation (18). Line CEH of the 
figure is the desired curve for the critical circle, in the range where this 
circle is below the toe. 

If a rigid surface should exist at the level of the base of the slope, 
it is natural to expect a possible rupture arc passing above the toe of 
the slope. In such a case the ruling height is the depth to ledge, and 


Fic. 9 


the actual height of the slope is not important. In Fig. 7, if a line is 
drawn through the origin, tangent to the curve, this line, AB, is the 
required curve within the range where the most dangerous circle passes 
above the toe of the slope. For a mathematical approach within this 
range, it could be shown that x and y should be chosen so that the right- 
hand side of equation (18) divided by the right-hand side of equation 
(21) is a maximum. In the sketch of Fig. 7 the rupture arcs for points 
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A, B, C and E are drawn, while the data pertaining to them are 
given in the table. Fig. 8 presents a nest of curves of this type, 
covering the range of slopes from 714 degrees to 53 degrees. The 
possibility of a failure through the toe of the slope may exist even though 
the critical circle is below the toe, if the material outside the toe is 
loaded in some manner. Such a case is indicated by the lower sketch 
of the figure, and the dashed lines provide values which may be used 
when such situations occur. Values of 7 may be obtained from the 
chart for cases where the critical arc is below the toe, and may be of 
some value in predicting the approximate outer edge of the mud wave 
which would be formed in case of failure. It must be noted, however, 
that if is limited instead of d, an entirely different problem is presented, 
and this chart cannot be used to determine the Stability Number; an 
exception being that if 7 is restricted to a value of zero the dashed curves 
are applicable. 

Reference to the depth factor column in Table I shows that the 
available depth may have some effect on the Stability Number when 
_¢@>0 andiissmall. This effect is quite pronounced when i= 15°, and 
still exists when 7=30°. For i=15°, Fig. 9 presents a solution of the 
effect of the depth factor. 

The above derivations assume that an obliquity of ¢ is developed 

at all points along the rupture arc, or, in other words, that all available 
friction is utilized. If a part of this friction is not developed, there 
remains an excess of unused strength which represents a factor of safety 
with respect to friction. If at any point on an arc this factor with re- 
spect to friction is Fy, then the obliquity of stress, @p, which is de- 
veloped across the arc at this point, is described by the following equation: 


tan d= F; tan op 


and it may be noted that it will usually be sufficiently accurate to use 
the relation — 


ue 
PD= Fe, 


A constant value for ¢p would probably never occur simultaneously 
at all points of the arc because of the progressive nature of the develop- 
ment of the shear. Thus ¢p for any given arc must be described as the 
average developed obliquity, or the obliquity which, were it constant, 
would lead to the same total frictional shearing stress as actually is 


developed. 
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The friction angle ¢, as used up to this point, was also the developed 
obliquity. If a true factor of safety, Fr, is desired, this factor to apply 
to both cohesion and friction, then the developed obliquity must be 
o+F,y. If the value of ¢ in all the preceding derivations is super- 
seded by the more general value of @p, then the factor of safety which 
was previously only relative to the cohesion becomes the true factor Fr. 
This replacement of ¢ by ¢p and F by Fr applies not only to all 
formulas but also to Figs. 4, 8 and 9. It could be demonstrated that 
any small change in the validity of the ¢-circle assumption, because of 
@p being an average rather than a constant value, is probably favor- 
able. Expressed mathematically, the above may be summarized as 
follows: 


C ; c . 
Pals (2, ) and F,wH a) 3 (2, FD 


Applications of both types of safety factors will be found in 
the illustrative problems. For the typical cohesive soil the effective 
cohesion can be determined with at least as good accuracy as the effec- 
tive friction angle. Thus it will seldom be logical to use the factor of 
safety with respect to cohesion in preference to the true factor of safety. 


THE LOGARITHMIC SPIRAL METHOD 


In the Circular Arc Method it is necessary to introduce some as- 
sumption to make the problem statically determinate. To avoid this 
undesirable feature, Rendulic recommended the use of a logarithmic 
spiral as the surface of rupture. 

The important property of the logarithmic spiral, expressed in 
polar co-ordinates by the equation — 


7 
=f tan } (1) 


is that all radius vectors cut the curve at an angle of obliquity of @. 
In Fig. 10 (a) such a curve is represented by the line ACB, r being 
equal to 7; at OA where 6 equals zero. As the forces on elements along 
the rupture surface must have an obliquity of 4, it may immediately 
be seen that with the use of this curve all elementary forces across the 
rupture surface, as well as their resultant force, must be directed toward 
the pole O. It should be noted that 6 must increase counterclockwise 
in this figure, as the obliquity must be such as to resist a slide. 
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As in the circular scheme, there are two degrees of freedom in the 
logarithmic spiral. These will be taken as the central angle z and the 
chord slope ¢. A number of sets of values of these two variables must 
be tried until the critical location is obtained. 

The principal steps in the mathematical solution are given below. 
As in the previous derivation, F is the factor of safety with respect, to 


Fic. 10. — SKETCHES SHOWING ELEMENTS OF 
THE LOGARITHMIC SPIRAL METHOD 


cohesion, but the solution is applicable for use with the true factor of 
safety as explained. ee 

Four dependent variables are used to simplify the solution. They 
are as shown in Fig. 10, and are described by the following expressions, 
which hold for the curve either through or below the toe of the slope: 
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Sez tan®¢ (2) 


1 wy 
sin tNi+m —=— COSTS ee 


(3) 


sin z ; 
a ey | feeb tea ewe ars 4 
pede Us Wapecee cos al 4) 


qg=T—2-j (5) 


Referring again to the three forces W, C and P, and taking moments 
about the pole, there results — 


Myt+M,, =0 or (6) 
where 
d aes 
M,=-/f cr i ie (1) (7) 
0 
and for the curve through the toe of the slope — 
M, =M,—M,-—M; (8) 


in which M,, M, and M; are moments about O for the masses repre- 
sented by areas OACB, OAF and BDF, respectively, of Fig. 10 (a). 


Zz 


3 103 E83 
sao Fouled, oe ep| ons Q— Stand ntcosj cos) (9) 


0 
1 : 
M, ak H? sin’ q (cot? g—cot? J) (10) 
M cel ET 3) ie Diets : 
ae [ cot i—cot* j—3mg cos j (cot i-cot j) | (11) 


Substituting (7), (9), (10) and (11) in (8) and (6) gives — 


Ce _Watane [= {(m3 sin j7—sin g)— as Eanes cosjteosg)\ 
FwH 3g” (m?—1) 9 tan* +1 


+ 9° sin’ g (cot? j—cot? gq) +3mg cos j (coti —cotj) —cot? i+cot’j| (12) 
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Equation (12) applies when the rupture curve passes through the 
toe of the slope. When it passes below the toe, the most dangerous 
condition is obtained when the mid-point of the slope is vertically below 
the origin, and from Fig. 10 (6) — 


veel 
n=mg SF ie cot 4 (13) 


The increase in overturning moment as compared to the previous 
case is — 


1 2 3 wH? i} 
= wn? H? =—— (mg cos j—— cot 1)” 
: : (mg cos j ae 1) 


which, when included in equation (8), leads to the following alternate 
for equation (12): 


c tan @ [ 2¢° { (m3 sin j—sin g) —3 tan ¢ (m* cosj+cos Dh 


| FwH 3g” (m?—1) 9 tan? ¢+1 
, : ‘ oss : 
+-¢° sin’ g (cot? j—cot? g) +3mg cos’ j (mg —cscj) i cot” itcot’j| (14) 


For any chosen values of z and ¢ the dependent variables may be 
obtained from (2) to (5), inclusive, after which m may be evaluated by 
the use of (13). If is negative, (12) must be used, while for positive 
values of n, (14) will give the greater value for the Stability Number. 

It was found that a computation by this method requires about 
twice as long as one by the ¢-Circle Method. For the critical values 
of the Stability Number, it developed that z and #¢, the central angle 
and chord slope for the Spiral Method, are approximately equal to the 
corresponding critical values, 2y and x of the ¢-Circle Method. (See 
Table III.) This was of assistance in choosing points for trial compu- 
tation by one method after the work of the other was completed. Be- 
cause of the large amount of labor involved, the computations for the 
Spiral Method have been carried out for only enough representative 
cases to give a good comparison with results by the ¢-Circle Method. 
These comparisons are given later. 
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COMPARISON OF METHODS 
The general formula for the Culmann Method may be expressed as 
follows: 
Gu Ei cos (t—o) 
FwH 4Acos¢sin1t 


By the Résal-Frontard Method, the depth to which tension exists, 
y_, and the general formula expressed in the form of the Stability Num- 
0 


ber are — 
se 
ae tan (45+) 
ee <sin —¢) 1 
FwH 2 sin? icos¢ cos! sin’i—sin ¢ , 
cos sint (1 —sin d) 


sini (1—sin ¢) Vsin (¢—@) sin (i+¢) 


The general mathematical expression as given by Jaky is too long 
to be reproduced here. However, his final results (9c) are submitted 
in the form of an expression f (8) where — 


G hee 1 
FwH 4 f (6) 
Table II presents the results of computations for = HT by the three 
w 


above-mentioned methods, and also by the #-Circle Method for rupture 
arcs through the toe of the slope. Where more dangerous circles exist 
passing below the toe, the values by the $-Circle Method are given in 
parentheses. The ¢-circle correction has not been applied in this table 
nor in the figure which follows. For the case ¢=10° the results are 
plotted in Fig. 11, and the relationships between different methods as 
shown in this figure are very similar for any other value of g. This 
figure illustrates the statement made previously, that the Culmann 
Method gives low values, while the Résal-Frontard Method gives 
results which are much too high. The values obtained by the ¢-Circle 
Method and the Jaky Method show reasonably close agreement, and 


TABLE II 
Cc 
VALUES OF FwH By VARIOUS METHODS 
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Le Jaky Jaky Circle- 
SlopeAncle | “Ane | Fromtard | “Glan | gg | SCE | pirate 
(2) (9) (1) (2) (3) (4a) (4) 
D0. . . 0 .500 . 250 = = .261 
5 -458 BEPAS | .229 .229 .239 
10 -420 p2a0) .210 .210 .218 
15 . 384 .192 .192 .192 .199 
20 .350 .175 Ls 5 .175 . 182 
ZS .319 59 .159 Lo? .166 
nS: “ ‘ 0 .396 .192 = = _219 
5 353 me ih spy . 183 p95 
10 .307 2152 .156 . 163 Wi 
15 . 280 .134 135 .144 eT) 
20 . 246 aa We .119 .126 2135 
| 25 215 .102 .102 PL LO .118 
60. ; ‘ 0 .328 .144 = = .191 
5 . 284 .124 ASO .149 .163 
10 .244 .105 .116 RAD 7, .139 
15 . 208 .088 .098 .107 .118 
20 .174 .072 .081 .089 .098 
25 .143 .058 .063 .073 .081 
45. 5 : 0 . 280 .104 = = (.170) 
5 Al 083 .109 121 138 
10 187 065 .086 097 110 
15 148 049 .064 075 086 
20 ills’ .035 044 057 065 
25 .081 .023 .028 .041 .046 
30 0 _ 244 .067 = = (.156) 
5 . 183 .047 .082 .095 @112) 
10 130 031 051 066 078 
15 085 018 .027 042 049 
20 047 008 small 022 027 
25 017 002 0 005 010 
15 0 217 .033 = = (.144) 
5 118 .015 .035 059 (.072) 
10 043 004 0 019 (.024) 
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the difference is of little practical importance in computations of this 
type. The most questionable step in the Jaky Method is in the choice 
of critical circle, and if Jaky’s circle is used in a computation by the 
o-Circle Method the results given in Table II, column (4a), and the 
dotted curve of Fig. 11 are obtained. While it must be remembered 
that different assumptions may lead to different critical circles, there 
is at least an indication here that Jaky’s choice of circle is question- 
able, and the results by his method are slightly low. 

A comparison of results by the general mathematical solution based 
on the ¢-Circle Method, and Fellenius’ general solution by graphics 
using the Slices Method, is given in Table III. It may be seen that the 


TABLE III 


>. Cc 
COMPARISON OF VALUES OF Poll BY SLICES AND -CrrcLE METHODs. 


: P=5 p=15 gp =25 
1 
Slices @-Circle Slices @-Circle Slices )-Circle 
15 .072 .070 = = = - 
30 .114 .110 048 .046 | .012 .009 
45 .141 .136 .085 .083 048 044 
60 .165 . 162 .120 .116 .082 .079 
iS BLIG 19550 .154 Hiey4 .118 as uly! 
90 wash) VEY Bio = 199 .165 . 166 
ee eee ee ————————————a 


two solutions agree closely. The values by the Slices Method are slightly 
higher throughout, which checks the claim that the assumption used in 
the Slices Method is conservative. 

Fellenius stated that for the steeper slopes the assumption of plane 
failure is not appreciably in error, thus there is little need to determine 
locations of critical circles for steep slopes. This is true only to a limited 
degree, as may be seen by comparison of columns (2) and (4) of Table 
Il. As an example, it may be noted that on the basis of plane failure 
for i=60 and @=20 the Stability Number is about 25 per cent on the 
unsafe side as compared to the assumption of circular rupture arc. 

For the cases for which computations have been made by both the 
$-Circle and Spiral Methods, the comparisons given in Table IV are 
obtained. It is evident that for all practical purposes the results by the 
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TABLE IV 


CoMPARISON OF RESULTS BY THE Q-CiRCLE AND THE LOGARITHMIC SPIRAL METHODS 


i El 


@-CIRCLE METHOD LoGaRITHMIC SPIRAL METHOD 
1 ) Chord Central c fae of per ke c 
peri Woe ratte wie ri D FH 
90 25 60 22 . 1659 61 22 .1651 
60 ae 50 60 .0788 49 58 .0784 
30 25 29 50 .0089 29 40 .0083 
60 15 44 63 .1160 Ad 60 a1159) 
90 5 50 28 . 2386 50 29 . 2387 
60 5 38.5 69 .1624 39 69 .1624 
15 5 (12.5) | (94) (.0682) (13) (88) (.0681) 
153 5 11 95 .0695 ce ey 92 .0696 


* Indicates critical rupture surface passing below toe of slope: by -Circle Method »=.55; by 
Logarithmic Spiral Method n=.40. 


two methods are identical. Fig. 12 illustrates the very close agreement 
for a typical case. 

The conclusion may be drawn that because of its requiring no further 
assumption, the Spiral Method is the preferable of the two, at least 
from a theoretical viewpoint. However, the greater length of time 
required for computation more than overbalances this preference, and 
the final results given by this paper (Fig. 4) are figured by the ¢-Circle 


Method. It may be noted that these two methods and the Slices Method 
as well become identical for the case of ¢=0. 


EFFECTS OF SATURATION AND SEEPAGE 


To study the various possible conditions to which a slope may be 
subjected, the following stages may be pictured: 


A. Complete Submergence. — Free water level at top of slope, soil 
fully saturated. 

B. Sudden Drawdown. — Case A, with free water suddenly removed. 

C. Steady Seepage. — Continuous flow of water through the soil, 
requiring a constant supply of ground water or rainwater to maintain 
seepage. 
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| D. Capillary Saturation. — No flow of water, no supply, no evapo- 
ration. Pores of soil filled with water held by capillarity, a condition 
common in typical cohesive soils. 
Conditions other than the above, such as complete or partial dry- 
ing, may also prevail. Here the problem is of an entirely different 
nature, involving prevention of disintegration rather than considera- 
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-Circle Method shown by full lines. 
Logarithmic Spiral Method shown by dash lines. 


Fic. 12.— ComMpaRIsoN OF @-CIRCLE AND LOGARITHMIC 
SprraL Metuops ror @=15°; 1=60° 


tion of stability (9b). Also an indefinite number of intermediate states 
will occur in passing from one to another of those above outlined. 

Cases A and D will be developed first, since they are important 
from the practical viewpoint and are easily handled. 


A. Complete Submergence 


The unit weight which is to be used in connection with the Stability 
Number for this case is the submerged unit weight, given by the expres- 
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sion a w,, where s is the specific gravity of the solid particles of the 
e 


soil, e is the void ratio or ratio between volume of voids and volume of 
solid matter, and w, is the unit weight of water. For the general run 
of soils the submerged unit weight will be in the vicinity of 50 to 70 
pounds per cubic foot. This low unit weight means that this case is the 
most favorable that can be obtained; therefore the submerged case 
cannot be assumed with safety for stability analyses unless permanent 
submergence is assured. With the use of the saturated unit weight, 
the equilibrium polygon of Fig. 1 (6) is applicable and no complica- 
tions enter. It is to be noted that protection against such items as 
wave action are important but do not come within the scope of 
this paper. 


D. Capillary Saturation 


The unit weight which applies for this case is the total unit weight, 
that is, the weight of both solids and water, which is given by the ex- 
pression ae W,. Its value will generally be in the neighborhood of 110 
to 130 pounds per cubic foot. Compared to the saturated case, the unit 
weight for this case is approximately twice as large, thus the force W 
of Fig. 1 (6) would be about doubled, and the required shearing strength 
must also be about twice as great. However, the use of this case, where 
there is a possibility of future seepage within the slope, is not safe, as 
seepage introduces forces which lead to a still more unfavorable situation. 

Where there is seepage of water through the embankment, or where 
there is the possibility of such seepage occurring at some season of the 
year, the development of a method for handling the situation is much 
more difficult. It has been suggested (9a) that flow nets may be sketched 
and from these a solution may be obtained. This involves the use of 
the tedious graphical trial method of solution plus the construction of 
the flow net. It can be demonstrated, however, that the shearing strength 
required for stability in case C, Steady Seepage, is greater than that 
in case D and less than that in case B; also that in many cases there is 
not a radical difference between the requirements of cases B and D. 
The percentages by which Stability Numbers for case D are less than 
those for case B are indicated in Table V, which shows that very large 
differences occur only for flat slopes with high friction angles. Thus 
the steady seepage case must represent a case somewhere within the 
rather narrow range between two cases for which computations may 
be made without difficulty. It can also be shown that, if submergence 
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TABLE V 


PERCENTAGE BY WHICH STABILITY NUMBER FOR CAPILLARY SATURATION CASE Is LESS 


THAN Stapitity NUMBER FOR SUDDEN DRAWDOWN CASE FOR Sage 
SLOPE 
co) 
90° 60° 30° 
O- f : : : 0 0 0 
1034" ‘ ‘ : . 9 15 25 
200 : : ‘ : 17 30 65 


ee 


or partial submergence ever occurs, subsequent drawdown may lead to 
a condition intermediate between cases B and C, and computations on 
the basis of case C would be unsafe. : 

These considerations lead to the recommendation that the require- 
ments of case B, Sudden Drawdown, be used for slopes where there is 
seepage of water or any possibility of such seepage ever occurring. This 
is a procedure which is conservative, but which is probably sufficiently 
accurate for all cases of steep slopes and small friction angles. For 
cases where both flat slope and large friction angle occur, the bounding 
values as given by results for cases B and D may still be sufficient in 
many instances. It is doubtful if the accuracy which can be attached 
to stability computations is great enough to warrant the drawing of flow 
nets and the involved procedure that must follow, unless the difference 
between these bounding values is quite large. 

A complete development of case C would require more space than 
can be allotted to it in this paper. An outline of the basic points in- 
volved would seem to be sufficient, and with this in mind points of theory 
behind such items as the principles of flow nets will be kept to the mini- 
mum. Later, a number of practical problems are given which will serve 
to illustrate various factors much better than any theoretical treatment 


could hope to do. 
B. Sudden Drawdown 


The force W of Fig. 1 (0) represents the effective weight of the 
sliding mass. For the submerged slope, Fig. 13 (a) shows the forces 
acting according to the g-circle solution, wherein W,, the effective weight 
for this case, equals the product of the area of the sliding mass and the 
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submerged unit weight. The force polygon is shown in full lines in 
Fig. 13 (b). The corresponding diagram for the Capillary Saturation 
Case is shown in Fig. 13 (c), in which the effective weight Wy is based 
upon the total unit weight (soil plus water). The difference between 
the forces Wr and Ws will be designated by W,, and it may be noted 
that this force is equal to the weight of a mass of water of the same total 
volume as the sliding mass. This weight W, must be present in the 
submerged case, but it has no effect since it is just balanced by forces 
FE, and EF), the resultant water pressures across the slope and the rupture 
arc, respectively. Fig. 13 (d) shows the pressures which act along these 
surfaces; also the resultant forces HE, and E, are shown in this figure, 
while the same forces appear dotted in the equilibrium polygon of Fig. 
13 (6). , must act normal to the slope at its lower third point, W, 
must act vertically downward through the center of gravity of the 
sliding mass, and since the three forces, W,, E; and E), are in equili- 
brium they must be concurrent. Since E, is made up of pressures which 
are everywhere normal to the rupture arc, and thus have no moment 
about the center of the circle, E, itself must have no moment about the 
center, and so must pass through O. Thus the lines of action of these 
three forces must be as shown in Fig. 13 (e). It may be noted that the 
moments of W, and E£, about O must just balance each other. It is 
correct to speak of W, as an overturning force, but in this instance its 
overturning effect is just counterbalanced by the resisting effect of E>. 

The submerged case may be transformed into the sudden draw- 
down case by the sudden removal of the force E,. Since the moment 
of E, just balances that of W,, removal of E, introduces an additional 
overturning tendency equal to the moment of W,. The weight W, at 
the instant of sudden drawdown is carried by a temporary excess of 
pressure in the water, and intergranular stresses can replace this 
hydrostatic excess only as fast as the necessary strains in the mass 
can develop. Since W, is not carried by the soil skeleton, no friction 
can be developed to help resist the shearing stresses it induces. 
Thus the overturning forces acting are W,, which can be resisted 
only by cohesion, and Ws, which is resisted by cohesion and friction 
together. The force diagram for Ws alone is shown in Fig. 13 (a), 
while that for W,, in which an effective friction angle of zero 
must be used, is given in Fig. 13 (f). Thus the cohesion required 
to overcome the combined overturning effects of Ws and W, is the 
sum of Cs and C, of Figs. 13 (a) and 13 (f). 

A correct solution of this case would require trials on various rup- 
ture arcs for the determination of the critical value. The use of Fig. 4, 
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with the two overturning forces handled separately, is not theoretically 
sound, as the two cases have different values of ¢ and thus will lead to 
different critical circles. A satisfactory method from a practical view- 
point is to use the total unit weight, with a weighted value for ¢. The 
use of an arithmetically weighted value described by the following 


equation — 
Ws AVS ak 
Parana Z keel ? 


is not strictly correct, but the discrepancy involved will always be 
small. Fig. 13 (g) shows the use of a weighted value for ¢, with Wr 
equal to Ws plus W,. The required cohesion Cr equals the sum of 
Cs and C, of Figs. 13 (a) and 13 (f). 

It has been stated above that in the determination of cohesion 
and internal friction the conditions in nature must be reproduced as 
closely as possible in the laboratory tests. With this point in mind, 
for the sudden drawdown case it may be well to mention an alternate 
point of view to that given above. Let it be assumed that values for 
cohesion and friction have been determined for a case of a submerged 
slope. For the case of sudden drawdown a method of obtaining a 
weighted friction angle from these has been described. It may be pos- 
sible that if another set of tests were to be run, using the conditions 
of consolidation, the time rate of shear, and other conditions, such as 
pressure on lateral planes which truly represent the situation, a value 
of @ might be obtained which would be a direct determination of that 
quantity which was obtained above by weighting. At present an ac- 
curate duplication of these natural conditions would be quite difficult, 
therefore the weighting scheme which offers a simple and conservative 
approximation is suggested. 

The various possible stages have been discussed as if passing from 
one to another could occur without change of soil properties, but this 
may not be the case. The discussion of these stages aims to give a picture 
of the general situation. In addition to changes in this picture there will 
also be changes in the soil properties which must be covered by tests 
for cohesion and friction angle under conditions which as nearly as pos- 
sible reflect the actual natural conditions. 

When the force E, is suddenly removed, the relatively large un- 
balanced force E, will producé an upward and outward flow of water, 
which may result in piping. At this instant the piping tendency is 
worse than later, when steady flow has been established. However, 
the condition is a transient one, and if investigations for piping are 
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made for the steady state of seepage they may cover the situation. 
Further discussion of the possibility of piping will not be attempted in 
this paper. 

The sudden drawdown case must be looked upon as a transient 
condition which is in effect only momentarily. The pressures within 
the sliding mass immediately begin to undergo adjustments, and after 
a sufficient lapse of time the condition of steady seepage is approached. 

If water is seeping through a soil there must be a loss of potential 
in the direction of flow, this loss representing the energy required to 
force the water through the voids. This lost head is transmitted by 
viscous friction to the grain structure of the soil, thus producing forces 
in the direction of flow. It is the occurrence of these seepage forces 
which complicates the stability analysis for this case. It could be 
demonstrated that the resultant seepage force for the entire sliding 
mass would be a force such as V, Fig. 13 (h). While this force is de- 
veloping, there will be an adjustment of pressures along the rupture 
arc starting from the initial state shown in Fig. 9 (d) and continuing 
to the ultimate as in Fig. 9 (#), where their resultant is the force Ep. 
The vector sum of forces Ep and W, must equal force V. If no friction 
could be developed to resist these forces, the stability analysis would 
be exactly as for the sudden drawdown case, consisting of Ws as ana- 
lyzed in Fig. 9 (a) and W, as in Fig. 9 (e), with one other force for each 
case (E, and Ey) which produces no moment. Since friction will act 
to help resist the overturning effects, the actual situation must be some- 
what safer than the above. Therefore the steady flow case is more 
stable than the sudden drawdown case. 

There are an infinite number of flow nets which are possible for 
any given slope, and forces Ey and V will vary for different nets. For 
any given net, Ep may be determined for a given arc, but a rather com- 
plicated graphical procedure is involved. 

If the supply of seepage water is completely shut off the magnitude 
of the pressures along the rupture arc decreases further, this time to 
zero if sufficient time is allowed, and meanwhile the force V disappears. 
This leads to the still more favorable case of capillary saturation which 


has already been discussed. 


SuRFACE CRACKING 


Foremost among the items which bring uncertainty into slope 
stability problems is the possibility of cracking at the top of the slope. 
As is indicated by the Résal-Frontard Method, the soil at this point 
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is in tension. This tension may be counterbalanced, temporarily, at 
least, by the internal pressure of the soil, but the danger of cracks 
developing is always a disturbing possibility. It is evident that the 
cohesion which has been assumed constant over the rupture surface 
should not be depended upon within the zone of cracking. 

If there were any rational way of figuring the depth of this zone, 
the item would not be of such great concern. The Résal-Frontard 
Method gives an expression for the depth to which tension is in effect, 
but it must be remembered that this derivation is based on the assump- 
tion of an infinite slope, and there is question as to its reliability when 
used adjacent to a discontinuity of the slope. Moreover, cracking is of 
a progressive nature, aided by water and often by ice pressure, and so 
is not limited to this depth in which tension occurs. 

For an approximate analysis of this item some estimate must be 
made as to the depth to which cracks may progress. This estimate 
must be based largely on judgment and inspection of the soil and the 
conditions at the site, with perhaps some weight given to the value as 
determined by the Résal-Frontard Method. From this estimated depth 
the percentage of arc not affected by cracking may be determined, and 
this may then be multiplied by the unit cohesion. The average value 
for unit cohesion thus obtained does not lead to a resultant cohesion 
which is parallel to the chord, but it may be assumed that it does, 
noting that more nearly exact ways of handling this item could be in- 
troduced if the accuracy were warranted. 

Terzaghi has suggested (9a) that within the zone of cracking the 
possibility of water pressure should be recognized and another over- 
turning force introduced into the computations to cover it. Such a 
force is in reality a portion of a force of the nature of F, of Fig. 13 (d) 
which is fully covered when the sudden drawdown case is used. 

As a means to obtaining a better understanding of this phase of 
the problem, it would be of value if data on a large number of slopes 
could be compiled, which should include estimates of depths of cracking 
and data on factors of safety as given by stability computations. The 


present scarcity of knowledge on this subject can be overcome only by 
the use of generous factors of safety. 


Illustrative Examples 


(1) A vertical cut of 15 ft. is to be made in a clay on which tests 


give w=110 lb. per cu. ft., ¢=10°, c=750 lb. per sq. ft. It may. be 
assumed that there will be no seepage of water. 
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(a) What is the factor of safety with respect to cohesion? 

(6) What cohesion would be required to give a true factor of safety 
of the same magnitude? 

(c) Will the cut need sheeting? 
re 


(a) From Fig. 4, for 6=10° and i=90° =,21 
’FwH — e 
c 750 
Sa ee se 
FwH Peis TOS 
0) 10 
b ae ee ey ge 
For ¢p =4.8° and 1=90°, Fig. 4 gives Se = .240 


Cc c 


= = 24 ; = ? f ‘ 
FrwH 2.1X110X15 0; whence c= 830 lb. per sq. ft 


(c) The small difference between given cohesion and the value in 
_ part (b) indicates the major portion of the shearing strength is cohesion. 
If the given value for cohesion is a dependable average value, the factor 
of safety is ample and no sheeting is needed. 


(2) A 45° cut 20 ft. deep is to be made across flat land where the 
_ water table is just at ground surface. The soil has a specific gravity of 
2.80 and a void ratio of 0.75. It is specified that the true factor of 
safety is to be 1.5. The effective angle of internal friction may be 
assumed to be constant and equal to 15°. What values of unit cohe- 
sion are required — 

(a) With the cut submerged? 

(b) With the cut unwatered and a steady state of seepage? 

(c) After a drop in water table and with no seepage occurring? 


cecal | 1.8 0) aS s 
=s : pee GS, Es e515) 


Ss 
ON es eae BT 


C 
= 10° y= 45° ig. 4, = 108 
For ¢p =10° and i=45° from Fig. 4 Revit 


: 8 - whence c=210 Ib. per sq. ft. 


.10 a y 
FpwH 1.5X64.3X20 
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(b) For the sudden drawdown case — 


s—1 dee 
i icti ee a 1S 7 Tox 
The weighted friction angle, ¢, rary xo 3.55 
Save ee eh 
bp= Fr 15 =5y5 Ik 
c 
ig. =521" p=45°, =.136 
From Fig. 4, for ép7=5.1° and 1=45 F,wH 


Wr=64.3+62.5=126.8 


ET eh : 
F,wH 1.5X126.8X2 


0: whence c=520 Ib. per sq. ft. 


The cohesion would be slightly lower than this value for a steady 
state of seepage. 


(c) Complete consolidation will be assumed. 
As in part (a), dp =10° 


Cc Cc 
_ = .108= 
F,wH 1.5X126.8X20 


; whence c=410 lb. per sq. ft. 


Previous to reaching complete consolidation the required value 
would be slightly higher. 


(3) A railroad cut to a depth of 20 ft. must be made through a clay 
on which the value for cohesion corrected to allow for surface cracking 
is 400 Ib./SF, w=115 lb./CF, and ¢=10°. A factor of safety of 1.75 


is specified. It may be assumed that there will be no seepage. What is 
the allowable slope? 


G ae 400 " 
FrpwH 1.75X115x20 


.099 


From Fig. 4, when = .099 and @p=5.7°,4=27° 


C 
FrwH 


The allowable slope is thus about 2 to 1. 
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: 
: 


| (4) A cut on a 114: 1 slope is to be made in a clay on which tests 
_ show c=680 lb. per sq. ft. and 6=18°. Unit weights are 64 lb. per cu. ft. 

submerged and 126 lb. per cu. ft. total. It is specified that a factor of 
safety with respect to cohesion of 2 is to be used. Seepage will occur 
during a part of each year. Surface cracking will occur, and it is esti- 
mated that this may invalidate the strength of 25 per cent of the rup- 
ture surface. What is the estimated allowable depth? 


The available average cohesion becomes .75 X 680 =510 Ib./SF 


: : 64 

cot 4=1.25, 1=39°; ¢,=18X — =9.1° 
: w= 1°X 196 

ia’ = 


e—eall() 
FwH 


For 1=39° and @=9.1°, from Fig. 4, 


ewe 102 = — a - whence H, the allowable depth, is 20 feet. 


FwH IX126 KH * 


/ (5) A 40° slope is 30 feet in height. Tests on the soil give the fol- 
lowing values: c=350 Ib./SF, w=110 lb./CF, 6=20°. The value for 
cohesion has been adjusted to allow for cracking at top of slope. It 
may be assumed that there will be no seepage. Determine — 

(a) The factor of safety with respect to cohesion. 
(b) The true factor of safety. 


c 


(a) For ¢=20°; t= 40°; oH =.050 
2 ee 050 = weed - whence F=2.1 
FwH Fx110X30 


(b) A direct solution is not possible, but a solution by trial is not 


difficult. 

Using the test values for the soil and assuming any true factor of 
safety, the allowable height for a 40° slope may be figured. A few trials 
will indicate what factor of safety corresponds to the actual height of 


30 ft. 
Assuming Fr=1.5 


op= re — 13.3° and from Fig. 4, for p= 13.3° and 4= 40° 
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c 350 


Se = ——_—_—_—_—__ ; whence H=26.5 ft. 
F;wH ie Loxtiox A 


Similar computations for F; equal to 1.4 and 1.3 lead to — 


And it is seen that for the actual height of 30 ft. F7=1.4. 


(6) A rolled fill dam is to be constructed using a material which 
has an inappreciable amount of very fine particles. For this material, 
tests show that ¢=35° and cohesion is inappreciable. A factor of safety 
of 1.5 is desired. What side slopes should be used? 


Assuming no freeboard and sudden drawdown — 


s—1 


1 
Px a dp a appt Ox. 


dp = = X 23.3 =11.7°; whence i =11.7°, a 


slope of 1 on 5. 


Assuming complete capillary saturation — 


@p=23.3° as above 


and 7=23.3°, a slope of 1 on 23 


This combination of high friction angle and flat slope leads to a large 
difference between the sudden drawdown and capillary saturation cases. 
The allowable slope depends on many factors which have not been men- 
tioned, and the method of this paper can only bound it between the 
limits of 1 on 24 and 1 0n5. More detailed analyses which might be 
undertaken are a sudden drawdown analysis in which account is taken 
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of the freeboard, or an analysis of the case of steady seepage using flow 
nets. 


(7) A cut 30 ft. deep is to be made in a deposit of highly cohesive 
material which is 60 ft. deep and is underlaid by ledge. The shearing 
strength is essentially constant throughout the depth at 600 lb. per sq. 
ft. The unit weight is 120 lb. per cu. ft. 

(a) For a factor of safety of 1.5, what side slopes are needed? 

(6) What increased value of cohesion would be necessary for side 
slopes of 1.8 : 1? 

60 _ C 600 


a)/For 6=0, D=— =2, = =. 
() $ 30 tidak ~ \ihesio<a) Opes @) ae 


Fig. 8 gives i=8°, or a slope of 7 : 1 


(byxt=cot™ 1.8 —29° 


Cc 


: For D=2 and 1=29°, Fig. 8 gi =A71 
| or and 7 ig. 8 gives 5 
C 
.171 = ——_——_—_;; = woe ee 
ear whence c= 920 1b./S 


Fig. 8 also gives 7=0.8, which means the rupture would break out 
at the surface 24 ft. from the toe. For a cut with a base width narrower 
than 24 ft., a somewhat lower cohesion would be required, but the abso- 
lute minimum would be for 7=0, where 


g 
——— : =§30 1b./SF 
Full 154; whence c= 830 1b./ 


CONCLUSION 


By the use of the Stability Number, the solution of problems in 
stability of slopes becomes very simple. When the slope angle and the 
friction angle are known, this number may be obtained directly from 
Fig. 4, while for zero friction angle, if there is a limitation in the depth 
to which a rupture surface may extend, Fig. 8 will furnish the value. 
Nests of similar curves could be derived for more involved cross sections, 
such as those where the ground at the top of slope is not level, or where 
there is partial submergence, or for typical earth dam sections sloping in 
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two directions. While such sections would apply to many actual prob- 
lems, there is a question as to whether or not the large amount of work 
required for general solutions would be justified. 

The dependability of the results of such solutions will depend en- 
tirely on the conditions. In a few ideal cases the results may be very 
dependable. More often there will be questionable items, such as the 
ever-present possibility of surface cracking at the top of the slope, which 
determine that the results can be accepted only as rough indications. If 
good judgment is used in estimating and attempting to evaluate the 
unknown factors, whatever the conditions may be, the results should 
be of value in arriving at logical conclusions. 

The relative value of the different methods for solution of stability 
problems is largely one of academic interest. Accuracies far greater than 
those warranted have been adopted in this paper in an attempt to show 
that the two methods used to obtain the charts are at least as logical as 
any other methods available, and that they agree remarkably well with 
each other. The assumptions involved may be accepted as reasonable 
for any embankment which is essentially homogeneous and conforms 
approximately to the ideal cross section used, with a single exception. 
The assumption that cohesion is constant at all points may often vary 
considerably from the truth, and the use of the best average value that 
can be obtained is the only procedure available. 

Although stability problems involve more questionable items than 
most engineering problems, it is seldom possible to make use of large 
factors of safety. Conditions are often such that about the largest 
factor of safety that may be chosen is 1.5, and sometimes a value this 
large may not be allowable. 


Procedures for different conditions of saturation and seepage may 
be summarized as follows: 

A. If the slope is continuously submerged, use the submerged 
unit weight. For partial submergence, the general solution is not ap- 
plicable. 

B. If the slope is submerged and values for cohesion and friction 
have been determined for this state, and if sudden drawdown is a pos- 
sibility, use the total unit weight and the weighted friction angle. 

C. For any embankment which is not submerged, through which 
there is seepage of water or any possibility of future seepage occurring, 
obtain the solutions for cases B and D. The solution for case C must 
fall between these two, and when they do not differ widely, as will often 
be the case, the results for case B may be used for C. Where B and D 
offer radically different requirements, no accurate answer is available 
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by the method of this paper. However, it is to be hoped that future 
investigations of seepage cases by more involved methods will yield 
methods of approximate interpolation within the range between B and D. 

D. For an intact cohesive soil, which is saturated or practically 
so, where the slope is dry and there is no possibility of future seepage 
of water, use the total unit weight and the friction angle as given by 
ests. 

E. For a dried, fissured clay, this type of stability analysis does 
not apply. 

Features which apply to all of the above items may be summarized 
as follows: 

1. The depth to which surface cracks are likely to develop must 
be estimated or assumed. From this the percentage of arc which is not 
affected by cracking may be found. An average cohesion for use in 
computations may be obtained by multiplying this percentage by the 
unit cohesion as given by laboratory tests. 

2. For slight variations of soil properties within the sliding mass, 
average values for cohesion, unit weight and friction angle may be used. 
For large variations the general solution is not strictly applicable, but 
in many cases, even where several distinctly different types of soil occur 
in a cross section, it has been found to give surprisingly good results. 
Thus it may at least be considered as a valuable check for complicated 
analyses. 
| The general type of solution which this paper presents may meet 
opposition by some engineers who feel that soil is too variable a material 
to be subjected to such analysis. However, such results in the hands 
of an experienced soil engineer, accompanied by data furnished by 
thorough investigations of the site and the soil involved, will give in- 
formation which no responsible engineer can afford to overlook. 
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THE TREATMENT OF WOOL-SCOURING WASTE 


By Rosert SpuRR WEsTON, MEMBER* 


(Presented at a meeting of the Sanitary Section of the Boston Society of Civil Engineers, held on 
April 7, 1937) 


WOOL-SCOURING waste results from the washing of wool in water with 
added soap, sodium carbonate and other detergents. Usually the wool 
is dusted before being scoured, and in this connection the freezing of the 

wool before dusting has been proposed and now is in use at two important 
New England mills. A paper (1)} regarding it was read before one of the 

affiliated societies in March, 1937. 

) In a few mills the grease in the wool is removed by a solvent, like 

_naptha, after which the wool is scoured, using much less soap and alkali 

_than when scoured in its raw state. 

/ Wool as removed from the sheep’s body contains much besides wool 
fiber, depending upon its kind and character. It may lose from 20 to 75 
per cent of its weight in the scouring process. This loss includes the 

‘bodily excretions of the sheep, known as ‘‘yolk”’ (French, swint), which 
are partly soluble and partly insoluble in water. Wool also includes sheep 
manure, plant parts and geological samples of the lands inhabited by the 
producing sheep. 

Grease wool — wool directly from the body of the sheep — shrinks 

the most in washing. To reduce freight and improve quality, some wools, 
particularly those from Australia, South Africa and the Argentine, are 
washed where grown. Such wools are called washed wools. Home-grown 
wool from the farms usually shrinks far less in scouring than do the 
wools from the ranges, domestic or foreign; the shrinkage may be as 
low as 20 to 25 per cent. ‘‘ Pulled,” ‘‘Slipe,”’ or ‘‘skin”’ wool, removed 
from the sheep’s skin in the course of pulling or de-hairing for tanning or 
felting, contains some of the lime used in the pulling process. It is often 
low in grease. 

Other animal hairs, like mohair, alpaca and camel’s hair, are also 
scoured. While often dirty, their grease contents are low. Quantita- 
tively, mohair is the most important of these. 


* Weston & Sampson, Consulting Engineers, 14 Beacon Street, Boston, Mass. 


+ Numbers in parentheses refer to Bibliography at end of paper. 
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The soluble matters in the wool include potash soaps which are 
combinations of oleic and other fatty acids. When the wool is washed, 
these soaps, and the added detergents, cause the emulsification of the 
wool grease. True wool grease does not form a soluble soap with alkali. 
Chemically, it is a wax rather than a fat. It consists of various esters 
of cholesterol and iso-cholesterol; cetyl; and carnaiibyl and ceryl 
alcohol with oleic, lanopalmitic and other organic acids; also other com- 
pounds, like free cholesterol, in small proportions. In its refined state, 
wool grease is called lanolin (Adeps lane, U. S. P.), valuable for oint- 
ments, salves and emulsions. 

Because this subject is being considered from the standpoint of 
stream pollution, the process of grease extraction from the wool by the 
use of naptha or other solvents will be discussed only briefly. In this 


Fic. 1. — TypicaL Scourinc Bow. 


process, the dusted wool is treated with the solvent in closed extractors. 
This removes the grease and other soluble organic matter, leaving be- 
hind the dirt and débris which are afterwards removed by washing in 
water, with or without added detergents. The solvent is then recovered 
from the grease solution by distillation, the grease refined and marketed. 
The potash remains in the wool, and this process is therefore the most 
favorable one for the recovery of this substance from the scouring liquors, 
this because the interfering grease is removed before the wool is washed 
in water. Under favorable conditions it is practicable to evaporate and 
calcine the degreased liquor, and dissolve the potash from the ash. 

Most wool combers object to extraction by solvents, saying that the 
process is too thorough, leaving the wool too harsh and requiring exces- 


sive re-oiling for carding and spinning. However, the process is being 
used in mills of the best grade. 
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SCOURING 


While, in small plants, vats with perforated false bottoms may be 
used for scouring wool, and the wool may be passed through the scouring 
liquors by hand, the process is usually carried out in trains of long bowls 
through which the wool is gently dragged by mechanically operated 
rakes or forks. Mills too small to use the modern bowls usually employ 
commission wool scourers. 

The bowls are usually arranged in trains of four or five bowls. 
These may vary in width from 24 to 48 inches, and in length from 12 to 30 
feet. Common arrangements of lengths of 48-inch bowls are as follows: 


LENGTH OF BowLs (IN FEET) 


el 


COUNTER-CURRENT 
Process pap bie ey 
5 Bowls (A) 5 Bowls (B) 

First bowl . ; 4 é 30 21 16 16 
Second bowl ‘ : : 24 27 16 PT) 
Third bowl 5 i : 18 21 Di 24 
Fourth bowl . ‘ : 18 16 HE 24. 
Fifth bowl . : : : = 14 yi) 24 


There is a perforated screen in each bowl with settling compart- 
ment beneath, and above the screen the depth of liquor through which 
the wool is dragged is usually less than 12 inches. Pyramidal bottoms 
and drains are provided for dumping part or all of the contents of the 
bowls. Some bowls have auxiliary settling tanks alongside, with pumps 
for circulating the scouring liquor through them, thus keeping down 
the accumulation of grit and dirt. 

A bowl known as the self-cleaning, or ‘Harrow,’ type is made in 
England. This bowl has a semicircular bottom with a screw conveyor 
along it. This conveyor has both right and left handed flights which 
carry the grit to a sump at the center of the bowl. The grit is discharged 
from this sump periodically through an automatic, quick-opening valve. 

The sorted wool, previously dusted, is introduced at the near end 
of each bowl by a traveling apron, and is dragged slowly through the 
bowl by mechanical forks or rakes, and then passed through squeeze 
rolls at the far end, which rolls deliver it to the feeder of the next bowl, 
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or, in the case of the last bowl, to the conveyor leading to the wool 
drier. 

Most wools are easily scoured in an alkaline soap solution, but 
detergents, like tri-sodium phosphate or sodium silicate, and those con- 
taining creosols and other deodorants, are used in special cases. Some- 
times, and usually in the counter-current process, no soap or alkali is 
added in the first bowl. 

Temperatures are usually kept below 140° F. to avoid injury to 
the wool fiber. Common operating temperatures are 130° F. in the first, 


BATCH PROCESS CONTINUOUS PROCESS 
SPECIAL SCHEMA ORDINARY SCHEME 
Soe To Lagoons 
Detergent 


Detergent 


Detergent 


To Grease 
Detergent Recovery 


Continuous ; ie 
Water To River Lagoons 
Continuous 
Water 


DIAGRAM SHOWING 
VARIOUS METHODS oF SCOURING WOOL 


Fre. 2 


125°, F. in the second, 120° F. in the third, and normal water tem pera- 
tures in the rinsing bowl. Recording thermometers are in use in some 
mills, automatic temperature controllers also. 


COUNTER-CURRENT SCOURING 


In most wool-scouring plants the bowls are dumped singly or batch- 
wise, although frequently the water from the last or last two bowls in 
the train is discharged continuously, even if the bowls are dumped peri- 
odically in addition. These bowls are used for rinsing the wool. 
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In cloth mills using wool of uniform grade the bowls may be par- 
tially or completely dumped after periods varying from four to twenty- 
four hours. Commission combing plants, however, may dump and 
refill bowls with each lot of wool. Carpet mills must make special pro- 
vision for dirty wool. Therefore practices vary widely. 

Batch dumping results in large consumption of water per pound 
of wool, very few mills using less than 1 gallon, and some more than 5 
gallons, per pound of wool, as the following table, taken from the report 
of the Massachusetts State Board of Health to the Legislature, January 
10, 1913, House Document No. 2150, illustrates: 


Woot ScouRED AND WASTE PRODUCED, BY MILLS IN LAWRENCE, 
MaAssAcHuSETTs, 1910 


i 


Firs ND S 
IRST ela ies ALL BowLs 
has 

ce Gallons rise ace | Gallons dessert 
Lower Pacific x 5 . | 38,692 24,845 0.64 TAOS) 1.86 
Washington . : : . | 84,463 44,675 0252 130,591 155 
Kunhardt, G. E. . : z 1,750 1,566 0.89 22,569 12.87 
Lewis, E. Frank . ; . | 68,359 51,888 0.75 58,909 0.86 
we Ayer. : : ; . | 38,460 32,108 0.83 35,877 0.93 
Wood Worsted 3 £ . | 77,099 210,733 D3 439 325 555 
Average . : : : = = 1.06 = Dis) 


An accurate study made by the Metropolitan District Water Supply 
Commission in 1935, at the Barre Wool Combing Company, a typical 
commission combing plant, and in co-operation with its engineers, showed 
an average of 1.99 gallons and a minimum of 1.6 gallons of water used 
per pound of wool. 

A similar study made in 1936 at a typical high-grade worsted mill 
by the writer’s firm showed an average use of 1.3 gallons in the first 
three bowls and of 2.0 gallons in the fourth bowl, a total of 3.3 gallons 
per pound of wool. At this plant the fourth bowl discharges continu- 
ously between customary six-hourly dumpings of all the bowls. 

A large use of soap and alkali naturally follows a large consumption 
of water, for a sufficient concentration must be maintained regardless 
of the volume of water used. It is alsoa fact that a larger percentage of 
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grease is recoverable from concentrated than from dilute waste, in 
either the centrifugal process or the acid-cracking process of recovery. 

The above facts have led to the employment of the counter-current 
method, in so general use in chemical industry. When this is used, only 
the first bowl liquors are discharged, and these continuously at a slow 
rate, the loss being made up by pumping from the other bowls in the 
train in turn. 

To use this method, the bowls, especially the first one or two in 
the train, should have bottoms with steep slopes, — 45° or more, — so 
that the drains may be opened and closed, frequently and quickly, to 
remove the sand and grit which accumulate during scouring, their removal 
being accomplished in this way with the minimal loss of liquid waste. 

Modern scouring trains are so designed that the flow of water 
from the last bowl to the first is automatically controlled, yet subject 
to such changes in rate as the operator may elect. 

Soap, alkali and other detergents are fed continuously, usually to 
the second or third bowl, thus maintaining constant conditions for scour- 
ing, saving from 20 to 40 per cent of the detergents used in the batch 
process, and reducing the consumption of water to much below one gallon, 
often below one half gallon per pound of wool. 

The counter-current method is not only advantageous because the 
concentration of soap and alkali and other detergents can be maintained 
as desired and at the points desired, but also for grease recovery, because 
the heaviest of the interfering dirt is discharged to waste periodically, 
while the wool grease reaches a higher concentration when discharged 
from the first bowl only. 

While the continuous process has been used in connection with the 
centrifugal process of grease recovery, it is equally advantageous in con- 
nection with the acid or any other method of treating the waste. It affects 
waste treatment because it reduces the volume of waste to be treated, 
and increases the yield of grease recovered. 

The difference between the batch and continuous methods is illus- 
trated by the accompanying flow sheet (Fig. 2). 


COMPOSITION OF WASTE 


Wool-scouring waste is grayish-brown in color, and, when fresh, 
possesses the characteristic odor of a sheepfold; when stale it ferments, 
turns dark, and gives off gases of decomposition, including hydrogen 
sulfide. Cyanogen compounds are sometimes formed, and when the 
wastes are treated with acid, these are evolved, sometimes in concen- 


|| 
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trations sufficient to overcome men who enter the treating tanks to 
clean them. 

Typical results of analyses of samples of batch-process waste are 
given in the following tables. Counter-current wastes are two or three 
times as concentrated as the first bowl liquors from trains operating on 
the batch system. 


‘gouapIsqns ,sinoy Inoj-AzUAM. — auIN[OA Aq 3d Idd ¢ 


9IZ - - = - - - - - - POPE gee'F (shep oAy) pueulep ueBAXQ 
Olz og ole 00z'TF | 000'8S | 6zz 069'T 00z‘S OF6'6T | 87Z6'FT OLE EE We SG Sie ne : (payrpie) syeq 
= = - - - - - - - - 00s‘OT SF6'8 : * (g1QnJos 1ayq9) (SEY 
Nn = = = = = «OTT | «%06'0 | «%408'°2 | +%0r'8 |} — 9F8'F ose'ss | * g SPT]OS 914B2]I79S 
a4 ogt os 092 - - see 0z9 ole'T osr‘It | 006'ET sore O9F tr | * ; yeroulUT pax 
> ozs 06 oe - - SOP 0se't 018'9 OL9'FZ | O6L‘ST cerry Wesze'sy ih *  UO1]IUST UO SsOT 
7 00L OFT 066 - - OL OLS‘Z 0z1'8 ozt‘9¢e | 069'6z ose'rt | sez'to | ° . 2 * eIOL 
— :SpIrjos pepuedsng 
- ost os 08z - - 06 066'T oss‘ot | optioz | o¢o‘zt S6e'F OEre. i: : [erauIt poxly 
6 O10'T oez OSL ~ - oze 06r'T OFo'e oez‘or | o0g'FT ogr‘o reer! Ai *  uo;qTUsI UO sso’T 
097'T 08 ofo'r - - O19 osr'e Oos‘eT | OLe'9e | O£6'9Z SZC OM tsa COnaulne : * [BIOL 
4 “ :SPI]OS paalossiq 
— * i ‘ 
= oer oot OFS 006'6 o9z'sz | sz9 019'Z o9s‘It | o6s‘te | o¢s‘oz 09S'L 06S‘Le | ° ; [erourur pexiy 
an ogs'T oze OgF‘T 09z'19 | O8g9'l6 | szz OFF'E 0s8'6 006'0F | 060‘0¢ ST6‘LT | OS6‘07 | ° *  uOT;TUST UO ssoT 
oS) : : ; j : ( 
096'T Ot 020'% OoOT'TL | OFF'ZTT| ose't 0s0'9 otL'tz | o6r'zz | oz9'9s SL‘ST | OFS‘'89 | ° ? , * [eIOL 
5 :UOI}2IOdLAD UO INPIsay 
oss SL 00s 000'Tt | oo0'st | 006 000'¢ 0066 000'st | o0z‘st Sze Sara all 2 : ; AVUYeATY 
> OE" TL r0'T 88 ‘OT 097 6£7 - - - - ~ - - : : * uasorzIU [2}OL 
= = = - ~ - - - - - - 000‘F o0s‘9 | ° 2 *  papuadsng 
4 = - - - - - - - - = 006‘¢ OSES: a? : * — paajossiqi 
8 oez soz orz - - 00s'T 00r‘e 00z'9 oor'st | — 006'L ose’s | * : : * eIOL 
n :peulnsuod uasAXO 
, S 
(9 weg) | ( weIa)| (9 WeIE) | (9 WIA) | (O wera) | (a WeIa) | (A wera) | (a wera) | (a wera) | COMES cy wera) | Wd) 
io) esreyosiq: [Mog [Mog [sog [sog [Mog [Mog [Mog [Mog nan og SS © | S27SeM "TMo a 
= perveisequy | ywnoy pay puoses SIL yqwnoy pay puoses 4ST aseIoAy paurquioD| 4, Ty NOILYNINWALAG 


HISVM\ JO GNI 


RR SR EES EES RE 


[wor red szieg] 


SHLSVM\ TVOIdA] JO SASATVNY JO SLINSAY —"] AIAV, 


254 


299 


‘aouapisqns ,simoy Inoj-AzUaMy — auINJOA Aq za Jeg + 


"WAATED 2B UOSTIM AT « 


SLU OF o9s‘oT OOS‘ TF 060'0Z ose'ts 
ba 4 iS 3 , E 
Nn ZE8‘ST 189'F OTL'STT O1T'6 ore'9 
S 080'8¢ 989'71 009'FS 06£'E7 OS8'8P 
7T16'E8 LOE'LT oOle'OLt oos‘ze O9T'ss 
Oo 
a8 7E8‘ST 9F6'6 O8S‘E7 OLL‘6T 776'ST 
z goe'Fl Pes tt £10'FZ 008‘9T OOF FZ 
SS 007‘0£ O8L‘'TZ £6S'LP OLS'9£ Z8e'OF 
oO 
i $99'TP 17941 062'6£T 088'8Z (THEME 
i} BPP‘ TL O7S'F7 £T9'SL 061 ‘OF ore’eL 
3 rage aes LYT6E £06'L1Z 040'69 7¥S'S6 
o 
x LETT Lb9 6677 EL7 1 9ze'T 
_—_—- # if : a 
= O0T‘9Z 0S6'7 £8¢'6 oer'e LEL'S 
aa 
a 
Ss 
faa] dN Oo TAL a Ww V WAN 
es A HW 
a) Of6l ‘HLIVHH OI1and 40 LNAW 
= -LUVdad SLLASAHOVSSVW AO LuOdau WOUd 
ae 


OSF 006‘T Osr‘Or 
4%sp°t | 4%S°st | 4%1z 
oo’ 000'¢e 000'08 
= = 000'6£ 
00F's 000'E 000‘61T 
OZ 007'F ooe'zT 
est SLs oss't 
Begents [Mog [Mog 
pure pany puosas qsALy 


OOM AZLONIA 
‘THW Laduvod ‘A LNV 1d 


OFT'L 
FLI'T 
$96'S 
set's 


9fT'F 
8PL‘T 
$86'9 


Olr's 
ZIL'8 
TZIPI 


Te0'e 
Sst 


90r't 


(purlsuq) 
4A Wed 
*PaxtA 


(sAep dAy) PUeUTEp UssAXO 


76E'T 3 3 (peypioe) szey 
= : : * (Q]qQnJOs 18y79) S}ey 
= : i 3 g SPITOS 91qQe2]17719S 
S6 = ‘ e [eIOUTUT PoxTZ 
L68 . 3 : *  UWOl1}IUBI UO Ssso’T 
266 : ‘ . 5 : - yeIOL 
:Spl[os pepuedsng 
F07'T . 3 : yeroulU pexty 
000'T : *  u0I}TU3I UO sso'T 
FOZ'Z : a : . é + yey 
ISPI]OS paajossiqy 
667'T : : g [erourTU pexty 
L68'T : : * worqusT UO sso-T 
ete ‘ 5 ‘ : * yeqIOL 
:UOTJEIOGPAD UO ONPIsIyYy 
6£0'T . : : z AWUTEATV 
SP . d y * uaso1qIU [eJOL 
cc ; ; i * papuadsng 
= 3 : r *  paajossiq, 
ste ‘ : i y * yeOL 
:paummsuos uasAXO 
(pueysuq) 
C1 Ue 
‘QBR1IIAY 


AISVM\ JO GNIS 


1 RA RS A A A EF SS SE 


(wor tod sz1egj 


papnjru0) —SHISVM ‘IVOIdA], JO SASATIVNY JO SLINSAY —"] AIAV], 


NOILVNINYALAG 


256 BOSTON SOCIETY OF CIVIL ENGINEERS 


TREATMENT OF WASTE 


The two methods most often used for the treatment of waste and 
for grease recovery are known as the acid and the centrifugal process, 
respectively. They may be described as follows: 


The Acid Process 


The acid or acid-cracking process is old. It is mentioned in the 
third report of the British Rivers Pollution Commission of 1865, and has 
been in use for at least seventy-five years. 

Briefly, it consists in adding sulfuric acid to the cooled wastes with 
stirring, and sometimes with the addition of silt, clay or other substances, 
to load or demulsify the dispersed grease. A low temperature is impor- 
tant for clarification. Properly treated waste usually has an acidity of 
from 0.1 to 0.2 per cent. 

Successful treatment results in the precipitation of a large part — 
85 to 90 per cent — of the grease as sludge. A scum containing some 
grease is also formed. After several hours of subsidence, the partially 
clarified liquor is decanted and the scum and sludge are treated for the 
recovery of grease. 

Formerly the sludge or ‘“‘magma’’ was dried on covered beds of 
cinders or sand, usually covered in turn with a layer of sawdust to pro- 
mote filtration and drying. In England they are called ‘‘magma’’ beds. 
When dry enough to handle with a spade, portions of sludge about one 
foot square were wrapped in bagging forming so-called ‘““puddings.”’ 
These latter were then stacked in layers between steel plates in a steam 
jacketed hydraulic press, and the grease tried out with heat and pressure. 

The labor involved in this method of grease extraction was costly, 
and in recent years most of the hydraulic presses have been superseded 
by filter presses, the heated wet sludge being forced through the steam- 
heated presses. For handling the sludge, sometimes heated steel ejector 
tanks employing compressed air (monte-jus), sometimes special sludge 
pumps and automatic heaters with steam coils, are used. 

From the presses there drains a mixture of grease and water which 
is passed to a separating tank. The grease is then separated by gravity, 
refined by washing, heat and hot storage, and marketed. The sludge 
from the presses, like the “‘ puddings”’ also, is disposed of by dumping. 
It is of little or no value, except for the grease left in it, sometimes 
recovered by extraction with a solvent. 
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Under ordinary conditions, the acid process will remove from. 80 
to 90 per cent of the grease, but there are wastes from certain wools which 
are difficult to treat. Some of these contain proteins which overcome 
the demulsifying effect of the acid. Others, like those from wools pro- - 
duced in the area affected by the 1935 dust storms, contain suspended 
matter so fine and light that subsidence of the coagulated grease is 
limited. The suspended matter with its load of grease is not quite low 
enough in specific gravity to be carried to the surface with the scum, 
nor heavy enough to precipitate; consequently it is decanted with the 
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Fic. 3. — TypicAL FILTER PRESS, CLOTHS NOT SHOWN 


partially clarified liquor and lost. In some cases acid treatment removes 
only 70 per cent of the grease. 

’ These and other difficult wastes call for special treatment. Some- 
times the addition of silt, clay or other decolloiders or absorbents will 
effect clarification. Pretreatment with lime and chlorine has been 
suggested by de Raeve (2). However, each waste presents its own 
problem, and no specific general treatment will apply to all. 

The counter-current scouring is of especial service in connection 
with acid treatment. It greatly reduces the volume of waste so that 
cooling and decantation become unnecessary and the whole contents 
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of the cracking tanks may be passed through the filter presses, thus 
saving heat and storage, and increasing the yield of grease. 

The yield of grease from certain wastes by acid treatment and hot 
pressing is low, much grease being left in the press cake and lost. This 
loss is due to the high melting points of certain fats and waxes, and the 
difficulty of extracting them with hot water. Generally, from 10 to 
30 per cent, sometimes more, of grease is contained in the cake. In some 
cases, particularly in England, press cake containing much grease is 
extracted with naptha for the further recovery of the grease. The process 
will be referred to again under ‘‘Secondary Treatment.” 


Centrifugal Process 


For about twenty-five years, centrifugal machines similar to those 
used for separating cream from milk, or for purifying lubricating oil in 
power plants, have been used to separate wool grease from wool-scouring 
waste, first freed from the grosser settleable solids by subsidence in 
tanks, or by primary centrifugalization. During the World War, when 
the price of centrifugal grease was high, many mills installed these 
machines, in some cases replacing the acid-cracking processes to intro- 
duce them. 

In this process, the wastes, first treated to remove settleable solids, 
were heated to 160° F., and then passed through the centrifugals. These 
removed from 40 to 60 per cent of the contained grease and most of the 
remaining suspended matter. The grease was then mixed with hot water 
and re-centrifugalized, while the watery portion of the waste, with sol- 
uble soaps and remaining grease and organic matter, was discharged 
untreated. 

A detailed description of a plant of this type, that of the Hudson 
Worsted Company, was presented to this Society by Mr. George G. 
Bogren in 1926 (3). 

Two makes of machines, the Sharples and the De Laval, are most 
commonly used; the former has a bow] 30 inches long and 4.5 inches in 
diameter, without internal parts, and operating at around 15,000 revo- 
lutions per minute; the latter has a bow] about 12 inches deep by 20 
inches in diameter, filled with conical discs and operating at around 
6,000 revolutions per minute. The discs in the latter machine, by 
diminishing the thickness of liquid in which centrifugal separation takes 
place, permit a lower speed; the former machine depends upon its high 


speed, developing a force 13,500 times that of gravity. Each machine 
has its advantages. 
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The grease discharged from the primary machine is refined by 
washing and re-running through a centrifuge, and by storage with heat 
to dehydrate the grease. It is then barreled and marketed. 

In the course of operation, considerable dirt accumulates in the 
bowls of the machine, making periodic cleaning necessary. 


Fic. 5.— Cross-SECTIONAL VIEW oF DE LAvaAL PurIFIER BowL 


EFFECTIVE PRELIMINARY TREATMENT 


The use of subsiding tanks is not the best way to remove settleable 
solids. Much grease is thus entrained with the sediment and lost, while 
long storage introduces fermentation which gives the recovered grease 
a bad odor and high color, consequently lowering its selling price. 

To avoid subsidence in basins, primary or clarifying centrifuges 
have come into use. The one most commonly used is an ordinary ver- 
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tical centrifugal machine with an imperforate basket varying in diameter 
from 32 to 48 inches. The dirt and grit which accumulate on the inside 
of the basket are removed periodically, and while manufacturers have 
devised mechanical unloaders for this type of machine, the cleaning of 
the baskets by hand is usually practiced. 

Operators usually object to cleaning the vertical machines by hand 
unless artificially ventilated on account of the steam and odor given 
off. So far, mechanical unloaders, while useful for some materia!s, have 
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Diagram of the Decanter Basket. A, feed; 
D, cutter; K, skimming tube. 


Fic. 6. — Cross SECTION OF HORIZONTAL 
CENTRIFUGAL CLARIFIER 


not been entirely successful for cleaning these machines when handling 
wool-scouring waste. 
To overcome hand cleaning, and for greater economy of operation, 
automatically cleaned horizontal machines have been devised. The 
ones most generally used are of European manufacture. One of these 
is sold by the Sharples Specialty Company. These horizontal machines 
have baskets of two diameters, 48 and 63 inches, with widths of 22.5 
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and 23 inches, and operate at rates of 750 and 500 gallons per minute, 
respectively. 

In operating a horizontal centrifuge, the warm waste liquors are 
passed into the basket, the removable solids collecting on the wall and 
forming a cake. When the cake has reached its maximal depth, the in-- 
flow is stopped; then a skimming tube (K, Fig. 6) is used to remove the 
clarified liquor, after which the cake is removed by a pointed cutter 
(D) which traverses it like a lathe tool. The solids fall into a hopper, 
and from this into a chute which delivers them to a bin or conveyor 
convenient for disposal. Owing to the short operating cycle, one of 
these machines, while costly, will do more work than two vertical 
machines cleaned by hand. 


LANOLIN 


While ordinary wool grease contains lanolin, it may also contain 
other fats or fatty acids. Lanolin itself has a high melting point (38 
to 40° C.), and if other fats, like olive oil, for example, be present, it is 
difficult to prepare U.S. P. lanolin from wool grease. It is for this reason 
that the problem of waste disposal is rarely linked with the manufacture 
of lanolin. 

Lanolin is made from either centrifugal grease, or that extracted 
by benzine, naptha, or an non-inflammable solvent like trichlorethylene, 
from the sludge in the acid process (4), or from filter press cake. It is 
necessary to remove foreign fatty acids by treatment with lime, and 
recover the lanolin by extraction with alcohol, a process usually too 
complicated for practice in works designed primarily to reduce stream 
pollution, or to recover grease at a profit. 

If solvents may be used to extract grease, one naturally asks why 
not treat the waste with acid, recover the cold sludge by filter presses, 
and extract it with naptha? Unfortunately, the sludge contains too 
much grease of high melting point, and filter cloths clog too rapidly to 
permit filtration at low temperatures. 

It is possible that the so-called ‘‘Precoat’? vacuum filter, with its 
coating of applied diatomaceous earth (‘‘ Filter-cote ””), might dry the cold 


sludge sufficiently to permit its subsequent extraction with solvents, but 
realization is not yet. 


DIsPosaL BY DILUTION 


It is easy to understand that an acid plant with a daily discharge 
of say 50,000 gallons of waste, containing 0.15 per cent of acid, would 
require 630 pounds of alkalinity in the stream into which it was dis- 
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charged. The alkalinity of most New England streams is so low that a 
discharge of flow of from 5 to 15 million gallons per day might be re- 
quired to neutralize the acid from this volume of acid effluent. This 
discharge is well below that of many mill streams. Again, the bio-chem- 
ical oxygen demand of the acid effluent, say 2,500 parts per million, or 
18,400 pounds per million gallons, obviously requires a stream flow of 
about 11 million gallons per day for 50,000 gallons of effluent when the 
water contains 10 parts per million, or 83.4 pounds of oxygen per million 
gallons, — this without allowance for re-aeration. 

Likewise, the effluent from the centrifugal process requires a high 
degree of dilution to prevent nuisance. At Hudson, on the Assabet 
River, which sometimes has a dry weather discharge of less than 6 
million gallons per day, it has been found necessary to store the effluent 
from the centrifugal machines during the drier third of the year. These 
machines treat the discharges of the first and second bowls only, the 
third and fourth bowls discharging into the stream most of the time, 
into the lagoons during the driest weeks. The lagoons in which the 
waste is stored during the drier third of the year are emptied during the 
periods of high water. The five-day bio-chemical oxygen demand of 
waste from the first and second bowls, whose discharge amounts to 
35,000 gallons a day, requires a stream discharge of about 17,000,000 
gallons a day for disposal in water containing 10 parts per million of 
oxygen with no allowance for re-aeration. 

This plant has an interesting history. Before 1909 the waste was 
discharged into the city sewer, but the grease clogged the sewage beds. 
Then acid cracking was employed, the filtered sewage effluent being 
discharged into the Assabet River. Then odors caused the neighbors to 
go to court and obtain their abatement. Then, in 1916, the centrifugal 
process was introduced, and the plant enlarged. Then a downstream 
mill owner complained. A temporary filter was built at a downstream 
mill for its benefit, and later on lagoons for storage of the effluent during 
dry weather were constructed. 

In 1918, an evaporator was bought to recover potash from the 
centrifugal effluent, but the Armistice came first, and the apparatus was 
never unpacked. 

Sludge presses, like the “Berrigan”? and the ordinary plate press, 
were being tried with acid sludge, but the equity suits threw them out 
of consideration. Later, a vertical, solid-bowl centrifugal was pur- 
chased to supplement the settling tanks, but the operators objected to 
the steam and odor. The centrifugal was shut down and additional 


settling tanks were built. 
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At the present time this plant is being enlarged, and the new train 
of bowls, the fourth in service, and possibly others, will be operated on 
the counter-current plan. This plan should make enlargement of the 
grease plant unnecessary. However, for better efficiency and economy, 
settling tanks will be replaced by a horizontal, self-cleaning centrifugal 
clarifier. ; 


SECONDARY TREATMENT 


The recovery of grease can usually be carried on for less than the 
cost of operation, exclusive of fixed charges, and in some cases the latter 
may be earned in part or in whole. However, the degreased effluents, 
whether from the acid or from the centrifugal process, still have large 
capacities for polluting streams. This may be realized when one con- 
siders the acid character (0.1 to 0.2 per cent) of the effluent from the 
cracking process, removing less than 90 per cent of the grease, or the 
organic content of the effluent from the centrifugal process, generally 
removing less than 65 per cent of the grease, often less than 50 per cent. 

In England, acid effluents have been treated with lime to neutralize 
them, and with a further dose of lime with ferric sulfate to coagulate 
and precipitate their suspended matter. The liquors so treated clarify 
readily, the sludge settling out in less than four hours, the supernatant 
liquor being clear, straw-colored, and having a five-day bio-chemical 
oxygen demand of less than 300 parts per million, which is low enough 
for discharge into most industrial streams with impunity. If required, 
however, the clear effluent may be further treated on bio-filters at high 
rates. 

In this treatment by chemical precipitation, the problem of dis- 
posing of the bulky sludge, whose volume may be one fifth of that of 
the treated liquor, still remains. Drying in covered sludge beds is a pos- 
sibility, and has been practiced in England, but the most attractive 
method is to use the vacuum filter. This device has the advantage of 
delivering a fairly dry cake convenient for hauling away, therefore more 
attractive to those who might use it for a fertilizer than if shoveling the 
dried sludge from a sand bed were a prerequisite. 

In England (5) secondary treatment of the acid wastes has been 
carried out by filtration, double filters being used most often. The 
primary filter is of cinders with a layer of sawdust on top, the sawdust 
being scraped off and renewed frequently. Such a filter was in use at 
Hudson twenty-four years ago. 

The secondary filter is an ordinary intermittent filter. It does most 
of the oxidizing; the primary filter apparently acts to restart bacterial — 
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decomposition of the waste, which it receives after treatment with heat 
and chemicals which tend to destroy the fermenting bacteria. 

Early experience at Hudson, Massachusetts, showed the limitations 
of intermittent sand filters when an excessive amount of wool-scouring 
waste was discharged into the municipal sewers and passed to the 
beds. 

In 1895 the Massachusetts State Board of Health began its ex- 
periments with wool-scouring waste, and an account of these by Clark 
(6) appeared in the report of 1895. 

These resulted in failure when wool liquor alone was applied to 
filters, and success only when greatly diluted with domestic sewage. 
When clarified with various chemicals, the liquor could be applied to 
coke filters, but practically no additional purification was obtained, 
evidently because biological action could not be set up during the short 
period of passage through the filters. 

In 1933 the writer’s firm studied the problem of the treatment of 
the waste from a carpet mill in Saxonville, on the Sudbury River. The 
daily waste from this mill — 7,500 gallons discharged batchwise — had 
caused serious pollution, especially at a swimming hole in the river 
below. 

This mill scoured coarse, dirty wool, the discharged waste, some- 
times containing 15 per cent of sediment by volume. The total residue 
on evaporation of the liquor averaged 4.17 per cent. On the other hand, 
the fats were low, — 0.5 per cent. 

For the treatment of this waste plain subsidence was advised, and 
permission was asked to discharge the settled waste into the Framing- 
ham sewer during the drier half of the year. The town, fearing damage 
to its works, asked the advice of the State Department of Health. Ex- 
periments at Lawrence followed accordingly. 

The experiments showed that 1 per cent of settled wool-scouring 
waste in the town sewer would not seriously affect either a sand filter 
operated at a rate of 0.42, or a trickling filter at a rate of 1.5 million 
gallons per acre per day, and following them the Department recom- 
mended that, subsequent to the construction of the proposed trickling 
filters, the equalized discharge of settled wastes be received in the 
Framingham system during the months of June to November, inclusive. 

A plant is now being built at a mill in Rhode Island for the sepa- 
rate treatment of wool-scouring and cloth-washing wastes. This mill 
scours 1,000 pounds of wool per hour for twenty-two hours a day, and 
in addition washes much cloth. The discharge of these wastes into a 
stream, which has a discharge of only 2.49 million gallons per day for 
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the driest 20 per cent of the time, produces a nuisance, the abatement 
of which is now being worked for. 

Owing to the insufficiency of either the acid or the centrifugal 
process, it was decided to treat the stronger wastes, both from the scour- 
ing bowls and the cloth washers, by the acid process, mix the acid 
effluent with the rinse water from the fourth bowl, and treat the mixture 
with lime and ferric chloride in subsiding tanks, with stirring. It was 
found that only the run-off for the first five to seven minutes from the 
cloth washers needed to be treated. 

The following flow diagram illustrates the methods of treating 
these wastes: 
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FLOW DIAGRAM FOR 
WOOLEN MILL WASTES DISPOSAL 
WITH SBCONDARY TREATMENT 
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The cloth-washing wastes and wool-scouring wastes are pumped 
to cracking tanks where they are allowed to cool. Acid is then added 
with stirring, and, after subsidence, the acid effluent is decanted, while 
the sludge is treated by hot pressing, followed by separation and re- 
fining of the grease in the usual way. 

The decanted effluent is then pumped to che secondary. tanks ‘to- 
gether with rinse water from the fourth bowl. Ferric chloride and lime 
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are then applied, the sludge subsides rapidly, and the clear alkaline 
effluent is discharged into the river. 

The sludge is to be dried out on a vacuum filter. It has a fertilizer 
value of about $1.50 a ton, which it is hoped is enough to get it hauled 
away at no cost to the works. This sludge will contain about 72 per 
cent of moisture and may be handled easily in comparison with the 
sludge from ordinary drying beds. 

The plant will have a capacity for handling 29,000 gallons of wool- 
scouring waste, and 52,500 gallons of cloth-washing waste in twenty- 
four hours in the primary or acid-cracking tanks, and 125,000 gallons 
per day of mixed acid»effluent and fourth bowl liquor in the secondary 
tanks. About 280,000 gallons per day of rinsing water and other wastes 
may be discharged untreated with impunity. Under ordinary condi- 
tions, 47 per cent of the total waste from the mill can be treated; under 
maximal conditions, about 30 per cent. During the drier months of 
the year, treatment must reduce the oxygen demand by 75 per cent. 

While most of the plant is approaching completion, the vacuum 
filter has not yet been delivered. When tests were made for a prelimi- 
nary plan, the mill was scouring Texas wool. Tests with a small labora- 
tory filter showed that the sludge from 135,000 gallons per day of waste 
could be handled on a vacuum filter having 130 square feet of surface. 
Later on, with the mill scouring a high grade of wool from the region 
of the dust storms, it was found that on account of the presence of fine 
suspended matter, coagulation by acid was ineffective. A small filter 
was then brought on from the filter company’s laboratory, when tests 
showed that only the ‘‘Precoat”’ filter, having an area of 200 square 
feet, could do the work, and that not very well. The cracking process 
removed only about 70 per cent of the fat in the mixed waste, leaving 
too much in the secondary sludge for effective operation of the vacuum 
filter. 

Then special treatment was devised for the cracking process, and 
a higher degree of removal of grease was obtained. Then a barrel of 
sludge was sent to the filter company’s laboratory, when it was found 
that the regular filter would work even better than the “ Precoat”’ filter. 
However, 150 square feet of surface were found to be necessary, as 
compared with 130 square feet, the first estimate. 

After consideration it was decided to delay ordering the filter until 
after the cracking plant was in operation, when the experimental filter 
will be brought to the plant and tests made with various types of waste, 
meanwhile partially neutralizing the primary effluent with lime to pre- 
vent acid conditions in the river. 
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In the event of failure, which is not looked for, because of the suc- 
cessful modification of the cracking process, covered drying beds will 
be indicated at 50 per cent increase in construction cost. While this 
higher cost might be offset by higher operating costs of the filter, it is 
expected that the possibility of disposing of the better-dried sludge, in 


Fic. 8. — Peace DALE WorxKs 


addition to the greater convenience of operation and freedom from odor 
nuisance, will make the vacuum filter preferable by far. 

Should this mill adopt the counter-current method of scouring, 
still better performance would be expected. 


The accompanying tables show the results of the subsidence and 
treatment of wastes: 
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TABLE III. — TypicAL RESULTS OF ANALYSES OF SLUDGES AND PRESS CAKES 


{ Parts per million ] 


Moist Press as Pore ee 
s Cak e udge 
i ae (Bnelend) (Bagland) (Plant H) (Plant B) (Plant B) 
Moisture , : Si ao: 21.98 9.10 82.05 iz 
Organic and volatile matter 39.43 67.05 = 9.73 14.3 
Ash 2.66 10.97 = 8.22 1507 
100.00 100.00 = 100.00 100.0 
Dry Basis 
Organic and volatile matter , 93.69 85.94 = 52.4 SLZ 
Ash ; ‘ ‘ 3 G38 14.06 = 45.8 48.8 
Total nitrogen : ; ; 105 4.55 = — ~- 
Fat : ; , : : 76.69 32.39 40.61 Sat 320 


OTHER METHODS 


The cake from either the filter press or the vacuum filter may con- 
tain as much as 40 per cent of fat. Where economical, this may be 
extracted by a solvent like naptha, and the latter recovered by dis- 
tillation. However, the process introduces a fire hazard, even when 
conducted in an atmosphere of carbon dioxide, and the writer knows 
of no mill in this country which uses it, although its use abroad has 
been reported. However,.some of the new non-inflammable solvents, 
like trichlorethylene, give new hopes. 

Evaporation as a preliminary to treatment in centrifugal machines, 
followed by incineration of the effluent for the recovery of potash, was 
suggested in the report of the British Commission in 1868. It was tried 
out in a mill in Bradford and given up because of difficulties due to 
varying grades of wool. 

Most of the advantages of evaporation may be obtained by the 
use of the counter-current method, which permits either acid treatment 
without decantation, or centrifugal treatment with increased vields. 

In England, the West Riding of Yorkshire Rivers Board (7) found 
that acid-cracking effluents neutralized as planned for the plant described 
above are amenable to further treatment on trickling filters at rates 
varying from 30 to 42 gallons per cubic yard. They also found that 


these liquors, after a considerable dilution, may be successfully treated 
by the activated sludge process. 


—— 
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EXPERIENCES AT LOUISVILLE, KENTUCKY, 
‘DURING THE OHIO RIVER FLOOD OF 1937 


By E. SHERMAN CHASE, MEMBER* 


(Presented at a meeting of the Sanitary Section of the Boston Society of Civil Engineers, held on 
March 3, 1937) 


Ir is difficult to measure the relative magnitude of major disasters 
inasmuch as there are several yardsticks which might be applied, such 
as numbers of people affected, loss of property and loss of life. How- 
ever, there is no question but that the recent Ohio River flood ranks 
as one of the greatest peace-time disasters of this country as measured 
by numbers of people affected and by loss of property and wages, al- 
though, fortunately, not by loss of life. 


GENERAL DESCRIPTION OF FLOOD AND CONDITIONS RESULTING 
‘THEREFROM 


Description of Flood Conditions 


My own observations with respect to the flood are confined mainly 
to conditions at and around Louisville and to the Ohio River Valley as 
viewed from an airplane between Cincinnati and Louisville. 

The cause of the flood was a long-continued heavy rainfall over a 
large proportion of the Ohio River drainage area at a time when ground 
conditions were such as to produce a high run-off ratio. During Janu- 
ary, 1937, Louisville, for example, had 19.17 inches of precipitation, 
nearly five times normal for the month. Of this rainfall 17.38 inches 
occurred during the sixteen-day period from January 9 to 24, inclusive, 
or an average during this period of more than 1 inch per day. These 


conditions with respect to rainfall appear to have been typical over 
most of the watershed. 


* Partner, Metcalf & Eddy, Consulting Engineers, 1300 Statler Building, Boston, Mass, 


LOUISVILLE, KY., DURING OHIO RIVER FLOOD, 1937 2 


At Louisville the first sharp rise in river stage occurred on the 
15th of January. The river continued to rise at a rapid rate from this 
date until the 27th of the month, when a stage of 57.1 feet was reached, 
constituting the highest record known. The previous high-water record 
occurred on February 18, 1884, when the river reached the stage of 
46.7. This 1884 record was reached on the 23d of January of the present 
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year, and was exceeded for the remainder of the month and for four 
days in February, a period of twelve consecutive days. The estimated 
quantity of water flowing at Louisville at the time of the maximum 
stage was 1,180,000 second feet, equivalent to the entire contents of 
the Wachusett Reservoir, passing Louisville every two hours. 

The Weather Bureau records of rainfall and river stage at Louis- 
ville for January and February, 1937, are given in Table 1: 
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TABLE 1.— RAINFALL AND RIVER STAGE AT LOUISVILLE, KENTUCKY 
ee 


JANUARY FEBRUARY 
Day 
Rainfall River Stage Rainfall River Stage 
(Inches) (Feet) (Inches) (Feet) 
1 .07 17,2 .00 52.6 
2 ye! 16.7 .00 50.6 
3 .00 1720 .00 48.5 
4 .00 16.7 Ak 45.5 
5) .00 16.7 .00 41.4 
6 .95 ibid reel T 36.0 
a .05 17.3 223 28.8 
8 T 16.9 i25 1927 
9 1.62 16.9 .00 14.5 
10 .70 Lie0 a 16.8 
Hide 5 : : : at 17.9 .00 16.9 
NGS : : : : T 19.5 | .00 17.0 
iS .09 19.9 .20 Bhat 
14 2eia 19.5 00. 175 
15 .02 24.9 .07 17.0 
16 .00 29.0 .03 1 Ay fe 
17 1.46 30.0 .00 16.8 
18 AT 30.8 .14 17-0 
19 at 33.5 .03 17.0 
20 1.70 Soo .18 iY fee? 
21 3.68 39.1 a 17.0 
22 1.76 45.4 .05 17.0 
23 .06 49.4 .09 16.9 
24 seu til Sle .00 16.8 
Zo .00 54.8 #3 17.0 
26 .00 56.6 G 17.0 
DP .00 Sie cea! tit 
28 silts: 56.8 07 17.0 
29 .00 56.4 = = 
30 AUS 55.4 2 be 
31 .18 54.1 = 
Total . E P ‘ Ye alizh = 1.65 = 
Normal j ; : 4.00 - 3759 = 


As a result of the elevation to which the river rose, the main busi- 
ness and industrial areas of Louisville, with the exception of a narrow 
strip perhaps a mile long and two or three blocks wide, were completely 
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flooded. In addition, substantial residential areas were under water 
particularly in the so-called West End of Louisville. In all, esl 
75 per cent of the developed area of Louisville was inundated. 

Outside the city limits about 50 square miles of the County of Jeffer- 
son were under water, largely the area extending southerly along the east 
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Sg 
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Bee. DasOF v1 lOD] 


8 MILES 
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bank of the Ohio River west of the Dixie Highway out of Louisville. 
Backwater from the Ohio extended into the county along the valleys 
of small tributaries, and while such backwaters resulted in the flooding 
of relatively small areas, they did flood highways to such an extent as 
to materially hinder transportation through the county. 
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General Conditions in Louisville 


My own observations of conditions at Louisville began on the 
morning of January 28, the day after the flood had reached its peak. 
The waters had just begun to recede, although the recession was negli- 
gible, consequently physical conditions with respect to flooding were 
practically at their very worst. 

The central part of Louisville, which had not been flooded and in 
which are located the city hall, court house and some of the hotels, 
could be reached only by boats or by a somewhat precarious pontoon 
bridge made of planks and whiskey barrels. 

Evacuation of flooded areas in the city had begun the previous 
Saturday, but did not reach substantial proportions until Sunday and 
Monday. Some refugees fled from the cities along the radial high- 
ways leading to the south and southeast, others were housed in the 
armory and other public buildings within the city, in factories, private 
houses and hospitals. Others were transported by train to the interiors 
of Kentucky and adjacent States. About 75,000 refugees were cleared 
through the armory and 150,000 through the county. 

At the time of my arrival there were many refugees in the armory, 
and evacuation from the central part of the city by boats and the pon- 
toon bridge was still proceeding. Long lines of negroes were waiting 
to obtain food and other supplies at a number of relief stations within 
this central area. Broadway, one of the principal streets through the 
commercial part of Louisville, was under water with motorboats ply- 
ing up and down the street for practically its entire length of five and 
one half miles. 

There was no electrical service and consequently no electric lights 
and no power for the operation of electrical equipment. The low lift 
pumping station of the public water supply was partly under water, 
and steam for the operation of the pumps was being obtained from a 
steamboat moored adjacent to the pumping station. Due to tempo- 
rary failure of pumping equipment before the emergency steam plant 
was available, the water in storage had been greatly depleted and water 
was being rationed to the city a few hours at a time. Telephone service 
was functioning at least to some extent, although the traffic was greatly 
congested. The natural gas supply apparently had not been materially 
impaired. Railroad service into Louisville was practically at a stand- 
still, as all stations in the city were under water. Buildings with flooded 
basements which were still occupied were without heat. All business 
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was suspended, and those not refugees were taking care of refugees or 
were busy with other tasks resulting from the disaster. 
The relief activities might be divided roughly into the following 

main items: 

1. Evacuation and transportation. 

2. Housing, clothing and feeding. 

3. Medical and health supervision. 

4. Policing and quarantine. 


It is impossible to describe, with any degree of accuracy, how the 
several relief activities were organized. Apparently the majority of 
those engaged in this work were volunteers who found, largely of their 
own accord, the niches into which they best fitted. Naturally there 
was a good deal of confusion and lost motion. There was a mayor’s 
relief committee headed by Mayor Neville Miller. The American 
Legion did excellent work in matters relating to evacuation, transporta- 
tion and supplies. The National Guard and the police force of Louis- 
ville and police officers from other States and cities maintained close 
control of traffic and assisted in relief work and in the protection of 
property. State, county and city health departments and the United 
States Public Health Service were actively engaged in matters relating 
to typhoid immunization, general health matters and water supply 
sanitation. 

The following statistical tabulation is made from data furnished 
by county health officer, Dr. John D. Trawick: 


Number of refugees housed in county : ; : . 24,020 
Number of refugee centers in county : : ; : 46 
Number of refugees ill and cared for in county . , : 2,846 
Number of immunizations given by the health department 

(does not include those by private physicians) d 35.527 
Number of county schools used for refugee centers, : 26 


EMERGENCY DIVISION OF SANITARY ENGINEERING, JEFFERSON CouNTY 
BoarD OF HEALTH 


My own activities were concerned with the organization of an 
Emergency Division of Sanitary Engineering of the Jefferson County 


Board of Health. 

Following the receipt of a telegram from Mr. F. C. Dugan, chief 
engineer of the State Board of Health of Kentucky, I reported in Louis- 
ville and was immediately authorized to take over the sanitary engi- 
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neering activities of the Jefferson County Board of Health in that por- 
tion of the county beyond the limits of the city of Louisville. On that 
same day Dr. Trawick, county health officer, appointed me chief sanitary 
engineer of Jefferson County, and with him I made a preliminary survey 
of some of the concentration and health centers. The following day 
the organization of an Emergency Sanitary Engineering Division for 
the county was begun. On February 6, having completed the emer- 
gency service for which I volunteered, and having the sanitation activi- 
ties of the County Board of Health reasonably well organized, I left 
Louisville and returned to Boston. 

A description of the organization of the Emergency Division of 
Sanitary Engineering and of the activities of this Division follows: 


Organization 


Under normal conditions the County Board of Health has but 
one sanitary inspector, Mr. J. R. Calhoun, whose duties relate largely 
to inspection of dairies and to general sanitation. The magnitude of 
the problem of sanitation in the county resulting from the evacuation 
of the city of Louisville, and the concentration of large numbers of 
refugees in temporary quarters, the failure of water supplies, and the 
sanitation of areas from which the flood waters eventually receded was 
so great that it became physically impossible for Mr. Calhoun alone 
to cope with the situation. He did, however, carry on a rigorous cam- 
paign of sanitation in a limited portion of the county in the vicinity of 
St. Matthews along the Shelbyville Road and northerly therefrom. It 
became my task, therefore, to organize a sufficient personnel to cover 
that portion of the county not being covered by Mr. Calhoun. It also 
became imperative, in view of the difficulties inherent in getting to 
and from the central part of Louisville, to establish headquarters in the 
county outside the city. 

Personnel was recruited through the W. P. A. and the State De- 
partment of Health. To some extent volunteer workers reported for 
duty directly. Organization of personnel began on Friday, January 29, 
and men were put into the field for inspection work immediately. The 
total number of men associated with me during our activities reached 
a maximum of twenty-four, and three young women worked as stenog- 
raphers for part of the time. Through a fortunate chance one of the 
first to be enlisted was Dr. E. E. Litkenhous, of the chemical engineer- 
ing department of the University of Louisville, and whose efforts were 
successful in recruiting a number of other trained chemical engineers. 
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The members of this hastily recruited staff were largely engineers, al- 
though a few only had had previous training in sanitary engineering 
matters. 

It should be noted as a matter of record that this group of men and 
women, obtained from many different sources and in the majority of 
instances without previous sanitary training, worked with enthusiasm, 
loyalty and intelligence. Time did not permit the carrying out of the 
work with the greatest degree of efficiency or with the least lost motion, 
nor was it possible to select, in every instance, the best qualified man 
to execute a task, but in view of the emergency the objective of the 
organization was to get the necessary work done and done as quickly 
as possible. Responsibility and authority were delegated to men as 
fast as problems arose requiring solution. 

Headquarters for the emergency group were established at the 
Hikes School in Buechel, in which school had been established an emer- 
gency refugee hospital and refugee concentration center. The work of 
the engineers was hampered materially by the fact that there was only 
one telephone available in the school for communication with the city 
and other centers of activity, and also to some extent by the inade- 
quacy of transportation facilities. Most of the engineers drove their 
own cars. Gasoline, for operating these, however, was purchased by 
means of credit cards supplied by the mayor’s committee on relief. 


Sanitation of Health and Refugee Centers 


In general, the exodus of refugees from Louisville took place along 
the radial highways extending to the southeast of the city. This re- 
sulted in the housing of large numbers of people in temporary quar- 
ters such as schools, churches, warehouses and other buildings which 
could be utilized for this purpose. Furthermore, many of the refugees 
went into private homes. It was obvious at once that the sanitation of 
the refugee centers required immediate oversight as regards the disposal 
of excreta and the protection of the drinking water. The location of 
some of the refugee and health centers is shown in Fig. 2. 

As previously pointed out, work of this character, for part of the 
county, was being carried out by Mr. Calhoun working from St. Mat- 
thews. The rest of the county, however, was being inadequately at- 
tended to, and to correct this situation several engineers were sent out 
beginning Friday, January 29, to investigate refugee centers and to 
report upon conditions found thereat. This work continued for several 
days. Not only were conditions investigated and reported upon, but 
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word of mouth advice and recommendations were given to those in 
responsible charge. In some cases new privies were built, to replace 
inadequate or insanitary structures, chlorine compounds were left with 
instructions for use in the matter of disinfection of water, and general 
advice given relative to cleanliness. 

The engineers not only engaged in activities relative to sanitation, 
but also reported to the medical unit the names of those found without 
immunization against typhoid fever, and assisted in the distribution 
of medical and relief supplies. While it was recognized that sanitation 
was the primary duty of our Division, it was also recognized that 
we should serve in every possible way to relieve distress and to advise 
the proper personnel engaged in other emergency activities as to needs 
uncovered by our inspections. 


General County Sanitation 


In addition to the concentration work at the health and refugee 
centers, a partial house to house canvass was made in the county, par- 
ticularly in the area between Taylorsville Road and Bardstown Road, 
Prestonia, and Camp Taylor. The object of this work was to give ad- 
vice relative to the precautions to be taken with respect to water supply 
and excreta disposal and in the matter of immunization against typhoid. 
The work also involved a certain amount of activity related to the 
refugee problem. Large numbers of individual houses were visited, but 
time did not permit visits to every house within the county. One of 
the reasons for this type of activity was to hold the organization to- 


gether in order that men might be available for special duties as needs 
therefor arose. 


Water Supply Sanitation 


There were four special water supply problems referred to the Di- 
vision for investigation and action. Two of these problems were within 
the county and two without. 

At Camp Taylor, a suburban development south of and adjacent 
to the city limits, the normal water supply is obtained from the dis- 
tribution system of the city of Louisville. As a result of inadequate 
pressure, Camp Taylor was without water for a considerable period of 
time. In order to provide for the eight or nine hundred dwellings 
within the area, the Camp Taylor Realty Company distributed water 
by means of tank trucks to these properties. The water was obtained 
from an abandoned quarry by pumping with a temporary pumping 
equipment into the tanks on the trucks. This quarry, while somewhat 
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isolated and not subject to intensive pollution, was open to accidental 
or willful contamination, and a single dwelling house was located adja- 
cent to the banks of the quarry but at a point where the land sloped 
away from the impounded water. A bacterial examination of the water 
showed moderate contamination only, but, in view of the obvious sani- 
tary hazards, it was evident that proper chlorination was essential. 
Engineers from our Division visited the quarry on two or three different 
occasions, gave advice relative to the chlorination of the water in the 
tank trucks, and tested the chlorinated water with ortho-tolidine, in 
order to be assured that an adequate amount of chlorine was being 
applied. 

At the Waverly Tuberculosis Hospital, located on high ground in 
the southwestern portion of the county, a temporary water supply was 
obtained by pumping from a small basin formed by a temporary dam 
across a surface stream coming through the grounds of the hospital. 
In addition to this surface supply, water from a well was being trans- 
ported by truck to the hospital for drinking purposes after boiling. The 
normal water supply of the hospital is from the city of Louisville. Ordi- 
narily pressure from the city mains is adequate to discharge water into 
storage tanks in the lower portion of the grounds whence it is pumped 
to the distribution system and elevated storage tank. Due to the low 
pressure of water in the city mains, water from this system was not 
available, and power failure prevented the use of the electrically oper- 
ated pumps usually in service. It was necessary for the hospital author- 
ities to install a small pump driven by a farm tractor to pump the tempo- 
rary surface supply to the storage tanks ordinarily receiving city water, 
and then pump from these tanks by means of a steam fire underwriter 
pump to the above-mentioned elevated storage tank and distribution 
system. 

At the beginning of the emergency at this hospital, no measures 
were taken to chlorinate the surface supply, but as soon as the condition 
was investigated by our Division, measures were immediately taken to 
install a temporary hypochlorite plant for the disinfection of the supply. 
This disinfection was carried on under the continuous supervision of 
one of the engineers of our Division, and the quantity of chlorine applied 
was sufficient to bring about disinfection of the entire distribution sys- 
tem. In about a week city water became available at pressure adequate 
to fill the receiving tank, and the emergency surface supply was aban- 
doned. Chlorination, however, was continued to assure thorough dis- 
infection of the distribution system and to correct any temporary con- 


tamination in the city water. 
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A request was received from Mr. Dugan to investigate the condi- 
tion of the water works of Shepardsville, located just south of Jefferson 
County in Bullitt County. This town was visited at a time when it 
was necessary to use a boat to reach it. The investigation disclosed 
that the pumping station had been submerged and that the motors of 
the pumps would require removal and drying before they could be again 
used. The rehabilitation of this waterworks station had not been brought 
about at the time of the writer’s withdrawal from Louisville, but condi- 
tions were known to Mr. Dugan, and the authorities in Shepardsville 
were aware of the measures necessary to put the waterworks back into 
service. 

At Mr. Dugan’s request, Lebanon Junction, a railroad center some 


distance from Louisville, also located in Bullitt County, was visited. ° 


In this instance the nearest point to Lebanon Junction which could be 
reached by automobile was five miles distant. Our representative 
reached Lebanon Junction with some difficulty due to the nearly com- 
plete isolation of the municipality by the flood waters. He found that 
the waterworks station and filter plant were almost completely sub- 
merged and that the inhabitants were depending on local wells for water 
supply. No previous instructions had been given the inhabitants of this 
municipality with respect to the boiling or disinfection of the water, nor 
as regards to sanitary precautions. Our representative conferred with 
the mayor and advised him relative to general sanitation and the need 
for boiling all water used for drinking and culinary purposes. Later, 
it is understood, two nurses and two doctors were dispatched to this 
community for immunization work and general health activities. 


Disposal of Dead Animals 


Prior to the recession of the flood waters from the inundated farm 
lands in the western part of the county between the Dixie Highway 
and the Ohio River, many estimates were made as to the number of 
live stock which had perished and whose carcasses would require dis- 
posal. These estimates, although based upon little accurate informa- 
tion, indicated that the problem of the disposal of the dead animals was 
one of considerable magnitude. On January 30, at a conference at St. 
Matthews, a method of handling the situation was determined upon. 
It was decided at this conference that the only practicable method to 
use for the disposal of the dead animals was to bury them as promptly 
as possible, and as near the places at which they were found as would 
be satisfactory from the sanitary viewpoint. This method involved 


=), 


LOUISVILLE, KY., DURING OHIO RIVER FLOOD, 1937 283 


the co-operation of Mr. Wood, county engineer, and Mr. Campbell, 
W. P. A. supervisor, as well as the personnel of the County Board of 
Health. 

On Monday, February 1, the waters had receded sufficiently to 
permit the beginning of the work of disposing of the dead animals. 
Through the co-operation of Mr. Wood and Mr. Campbell, trucks and 
men were obtained, working from the county yard at Pleasure Ridge 
Park. Engineers of our Division were assigned the task of co-ordinating 
this work and passing upon the suitability of places of burying. This 
work was carried on as fast as it was possible to reach the animals, and 
in the first week of activity nearly one thousand animals were located 
and properly disposed of. 

The work of disposal was facilitated by the action of a rendering 
company located in Salem, Indiana, sending to the flooded area a num- 
ber of trucks into which were loaded some of the dead animals which 
were then transported to the rendering plant. A complete record of 
the number of animals found, the location of their burying places, and 
the number taken away by the rendering company was kept. 


Disposal of Spoiled and Contaminated Food 


Due to the flooding of warehouses, grocery stores and other places 
in which foodstuff for human consumption was stored, an enormous 
amount of such foodstuff was contaminated by the flood waters and 
rendered unfit for use. Inspection of foodstuffs was carried out by in- 
spectors from the Federal Bureau of Food and Drugs, in collaboration 
with Mrs. Dugan of the State Board of Health. Practically all of the 
contaminated foodstuff was located within the city of Louisville, but 
the problem of finding a suitable place and method for the disposal of 
foodstuff was referred to our Division. 

After some investigation and negotiation, the use of an abandoned 
quarry about two miles south of Buechel and about ten miles southeast 
of the court house in Louisville was secured for use as a spoiled food 
dump. It was estimated that the quarry would hold several thousand 
tons of material, and that it had more than ample capacity for the pur- 
pose. One of the engineers of our Division was assigned the task of 
supervising the initial use of this quarry for dumping foodstuff, and 
another member of the staff, who had under his control a truck and a 
small gang of W. P. A. laborers, was assigned the job of providing suitable 
roadways and the construction of a shelter for guards and inspectors. 
The first spoiled food reached the dump on Thursday, February 4, 
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and continued for a while, at least, at the rate of about 75 tons 
per day. In order that the contaminated food might not be salvaged 
by unscrupulous persons, and in order that scavengers might not ex- 
tract from the dump foods which might be used for human consump- 
tion, it was necessary to provide for guarding the dump at all times of 
the day. During the daylight hours inspectors and others were on duty, 
but at night it was necessary to place a military guard on watch. A 
method was also worked out whereby assurance could be obtained that 
truckloads of foodstuff leaving the city would be accounted for at the 
dump. By February 24, at the conclusion of dumping, the total quantity 
of foodstuffs disposed of at this point was 708 tons. About half of the 
material was burned and the remainder covered with earth. 


Inspection of Flooded Homes 


In the area west of the Dixie Highway many homes had been 
flooded to a depth of several feet. The condition of these homes after 
the flood waters had gone down was most deplorable, and in a great 
many instances the immediate reoccupancy of these homes would have 
been fraught with serious hazard to health. Furthermore, wells and 
cisterns had been flooded by contaminated river waters, and sanitary 
conveniences had been materially affected. 

Although it was impossible wholly to prevent the reoccupancy of 
these houses, every effort was made to discourage people returning to 
them prematurely. House to house inspection was made and the owners 
contacted in many instances and given advice and warnings relative to 
the health hazards involved. In many instances, Dr. Ward Shacklett, 
quarantine officer for the district, passed upon the question as to whether 
people should or should not return to their homes. The work of this 
character was of necessity hastily organized and the policies adopted 
were based to a considerable extent upon expediency rather than upon 
scientific principles. 

A summary of sanitation activities as of March 15, 1937, prepared 
by Mr. Maurice L. Miller, who carried on as acting sanitary engineer 
for the county after my return to Boston, shows clearly the magnitude 
of the sanitation problems that had to be met. Significant data from 
this summary are tabulated as follows: 


Animal burials and disposal: 


(a) Large animals (approximate) ; : : : 2 : . 4,500 
(6) Small animals and fowls (approximate) : : , : : 3. 12,185 
Total 


16,685 
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Water supplies (wells, etc.): 


(a) Totalinspections . ; : ‘ : ; é ‘ ‘ . 4,908 
(6) Total samples taken 2 ‘ . 5 ; : : : 873 
(c) Total analyses made 2 : : ‘ : : : : A 870 
(d) Total chlorinations . , ; : : : : : : . 523 
(c) Total reports to owners as bad (estimated) . : : : 5 ; 222 

1. Schools . : : : 4 : ; é : é : 9 

2. Residences (estimated) : : ‘ : : : : 3 213 


Building surveys: 


‘(a) Total inspections (housing) : : : 2 : : : . 6,609 
(6) Total inspections (sanitation) as of March 7, 1937 : : : 7245320 
(c) Total inspections (schools), March 11, 1937 : : ) F : 231 
(d) Total number houses approved for occupancy. : i ; eeleOO2 
(e) Total buildings disinfected, March 17, 1937 : F ; : : 108 

Houses damaged beyond repair (estimated) . E ; E : 190 

Houses requiring major repairs (estimated) : : : 2 . 1,100 

Houses requiring minor repairs (estimated) : . : 5 Fenske ts) 

Houses flooded to and over first floor (estimated) . 3 : . 2,988 

Houses flooded basements only (estimated) . 5 F , ; 20 
Privy survey: 

Total number inspected . : : : 2 , i : 5 f 602 
(a) Inside toilets J : : : : : : ; : 5 26 
(b) Recommended for construction : ; : é : 3 : 589 
(c) Not recommended for construction . , : i ' ; 2 39 


At the time the above data were compiled activity along the line 
of sanitation was still in progress and final figures are not available as 
yet. 
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EMERGENCY ORGANIZATION FOR DISASTERS 


Based upon personal experience at Louisville and published ac- 
counts of emergency activities at times of other disasters, it is my 
opinion that there should be established a skeleton organization pre- 
pared to undertake the oversight of emergency activities when occa- 
sion therefor shall arise. It is my opinion also that this skeleton organ- 
ization should be made up of officials from permanent state and other 
governmental agencies. Volunteer and semi-public organizations, ad- 
mirable as they may be in many respects, particularly as regards post- 
disaster rehabilitation and the raising of relief funds, are often too 
cumbersome to function with the speed which is called for in serious 
disasters. 


Outline of Organization 


There are five major divisions under which emergency activities 
at time of disaster are likely to be carried on, namely: 


1. Medical. 

2. Sanitation. 

3. Service of supplies. 

4. Police and quarantine. 

5. Protection and salvage of property. 


The relative importance of these several divisions will depend upon 
the type of disaster. 

The several divisions should be headed by the state official who is 
best qualified by training and experience and ability to organize the 
type of work his division would be called upon to do in time of disaster. 
The Board should select one of its members or possibly some one outside 
of the Board to act as chairman or chief executive officer, whose duties 
would be to co-ordinate the work of the several agencies involved. 

Tentatively, I would suggest that the State Commissioner of. 
Health, or the head of the National Guard, serve as the chairman of 
such a board for emergency activities. 

The chief medical officer, who might be the State Commissioner of 
Health, assisted by physicians, nurses and technicians, would take over 


the work involved in the immunization, hospitalization, emergency 
medical aid and food inspection. 
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‘The chief sanitary engineer, who might well be the State Sanitary 
Engineer, assisted by other engineers, chemists and_bacteriologists, 
with laborers and foreman recruited from the W. P. A. or from the 
State Department of Public Works or its equivalent, would take over 
the protection of water supplies, emergency chlorination, disposal of 
excreta and general sanitation. 

The division of the service of supplies might well be in charge of 
the State Engineer or his equivalent, who would have under him traffic 
managers, supply clerks and communication engineers. This division 
would take over the problems relating to evacuation and housing of 
refugees, the transportation of refugees and supplies, procurement and 
distribution of food, clothing, bedding and other supplies, and the es- 
tablishment of emergency systems of communication. This division 
should co-ordinate the activities of volunteer and semi-public relief 
agencies. 

The division of police and quarantine might well be in charge of 
the Commander of the State Police or the commanding officer of the 
National Guard who would co-ordinate the work of local and State 
Police and of the National Guard. Duties of this division would be the 
protection of lives and property, convoying of food and refugees and 
supplies, and enforcement of quarantine orders. 

The division functioning to protect and salvage property could be 
in charge of the State Fire Marshal or his equivalent, whose duties would 
be to co-ordinate the activities of the fire departments, of salvage and 
protective associations, and of building inspectors. The duties of this 
division would be related to fire protection and salvage of property and 
to building and plumbing inspections. 

It will, of course, be necessary for this emergency organization to 
secure the co-operation of private and semi-public organizations like 
the Red Cross, but the responsibility and authority for disaster control 
should rest wholly with the official organization. 

In normal times a skeleton organization made up of the heads of 
the five divisions should meet from time to time in order to work out 
the general policies to be followed, and to arrange the details of mobili- 
zation of personnel and resources at times of disaster. 

In time of emergency it is important that authority for the requi- 
sition of supplies and transportation be vested in the chiefs of the several 
divisions, and that a standing appropriation for disaster relief should 
be at the disposal of the emergency organization. 
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United States Public Health Service Reserve Corps 


For most effective action in matters of sanitation, whenever a major 
calamity occurs, it is essential that close co-operation between the State 
Department of Health and the United States Public Health Service be 
provided. It would seem very desirable, therefore, that there be formed 
under the auspices of the Public Health Service a reserve corps of non- 
paid physicians, nurses and sanitary engineers who could be called out 
when the state personnel is inadequate in numbers to carry on. Such 
a reserve corps could be made up of employees of state health depart- 
ments and of qualified persons not in any official position. This reserve 
corps should be sworn into the service during normal times and should 
have the authority to incur travel and subsistence expenses when or- 
dered to active duty by the Surgeon General. This reserve corps might 
well be subject to regional mobilization once a year for instruction and 
inspection. 


Conclusion 


I well realize that the suggestions made are very general, and the 
whole matter of organization for disaster control is one deserving of 
much and careful consideration. The present-day city is such a com- 
plex and delicate organism, depending upon the uninterrupted contin- 
uation of so many services, that fires, floods or other natural disasters 
bring about a condition of extreme chaos with great hazard to life and 
property. Such disasters have occurred in many instances in this 
country since the beginning of the century, and will continue to occur. 
We must be prepared to meet them. 


ot 


OF GENERAL INTEREST 


BOSTON SOCIETY OF CIVIL ENGINEERS SCHOLAR- 
SHIP IN MEMORY OF DESMOND FITZGERALD 
AWARDED TO LESLIE W. LENFEST, STUDENT 


AT NORTHEASTERN 


Leslie W. Lenfest of Watertown, 
Mass., a senior student in civil en- 
gineering in the School of Engineer- 
ing at Northeastern University, was 
awarded the Desmond FitzGerald 
Scholarship of the Boston Society of 


UNIVERSITY 


Civil Engineers on May 5, 1937. The 
presentation of the Scholarship of $100 
was made at a meeting of students of 
the School at Jordan Hall, by Karl R. 
Kennison, Vice-President of the Bos- 
ton Society of Civil Engineers. 


PROCEEDINGS OF THE SOCIETY 


MINUTES OF MEETINGS 
Boston Society of Civil Engineers 


Aprit 21, 1937. — A regular meeting of 
the Boston Society of Civil Engineers was 
held this evening at the Engineers Club, 
and was called to order by the President, 
Arthur D. Weston. Seventy members 
and guests were present. Fifty-two at- 
tended the buffet supper. 

The following were elected to member- 
ship at the Board of Government meeting 
on April 8, 1937: 

Grade of Student: Arnold V. Davis, 
Chesley F. Garland, Joseph Higgins, 
Peter R. Vandersloot. 

President Arthur D. Weston introduced 
the speaker of the evening, Prof. Charles 
F. Brooks, Professor of Meteorology at 


Harvard University and Director of the 
Blue Hill Meteorological Observatory of 
Harvard University, as well as of the 
Mount Washington Observatory, who 
gave a very interesting talk on ‘‘ Weather 
Forecasting, with Comments on Recent 
Floods.’’ The observations of atmospheric 
conditions, the data obtained at the Mount 
Washington Observatory and other sta- 
tions, and their significance and interpre- 
tation were subjects considered. The ef- 
fect of the White Mountain range on 
approaching storms and precipitation in 
the drainage basins of New England were 
also discussed, as well as the storm char- 
acteristics at many other sections of the 
country. The talk was illustrated with 
lantern slides. 
The meeting adjourned at 9 P.M. 
Everett N. Hurcuins, Secretary. 
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May 19, 1937. — A regular meeting of 
the Boston Society of Civil Engineers was 
held this evening at the Engineers Club 
and was called to order by the President, 
Arthur D. Weston, at 7 P.M. Sixty-three 
members and guests were present, Fifty- 
four persons attended the buffet supper. 

The President announced the deaths of 
the following members: George H. Brazer, 
elected a member April 17, 1907, and died 
April 20, 1937; and Leonard C. Wason, 
elected a member April 21, 1897, and died 
April 30, 1937. 

The Secretary reported the election of 
new members, on May 19, 1937, as follows: 

Grade of Member: Paul N. Anderson, 
William R. Benford, Albert G. Dietz, Miss 
Lillian F. Edwards, Viking Enebuske, 
Daniel C. Frost,* Howard E. Gale, Jr.,+ 
Leslie J. Hooper, Harold W. Legro, Charles 
V. Maccario,* Walter F. Macdonald, Alden 
S. Marble, Hermon S. Swartz, Robert H. 
Verner.* 

Grade of Junior: Franklin P. Parker, 
William A. Redfield,j David C. Wiggin, 
Jr., Robert C. Zacher.t 

Grade of Student: Frank R. Damassa, 
Paul C. Danforth, Harry L. Hughes, Bur- 
ritt F. Leighton, Frank W. Sarnow. 

The President announced that there 
would be no regular meeting in June, but 
that an excursion is planned for June 23, 
to include visits to construction work on 
the new North Metropolitan Sewer, the 
Newburyport Turnpike, dinner at Hamp- 
ton Beach, N. H., and visits to flood pro- 
tection work along the Merrimack River. 

The President then introduced the 
speaker, Mr. Clarence E. Boesch, Chief, 
Flood Control Division, War Department, 
United States Engineer’s Office, Provi- 
dence, R. I., who gave a very interesting 
talk on “The Recent Floods on the Mis- 
sissippi River — the Flood Flows and 
Damages Incurred, —and the Effective- 
ness of the Flood Control Measures al- 
ready Carried Out.’’ The talk was illus- 
trated with lantern slides. 

The meeting adjourned at 9 p.m. 

Everett N. Hurcuins, Secretary. 


* Transfer from Grade of Junior. 
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Sanitary Section 


ApriL 7, 1937. — A special meeting of 
the Sanitary Section of the Boston Society 
of Civil Engineers was held this evening. 
Preceding the meeting, twenty-one mem- 
bers gathered at Patten’s Restaurant for 
dinner. 

The meeting was called to order by the 
Chairman, Richard S. Holmgren, at 7.10 
p.M., in the Society Rooms, with thirty- 
two members and guests present. Robert 
Spurr Weston, consulting engineer, pre- 
sented a paper on ‘‘The Treatment of 
Wool-Scouring Wastes,”’ in which he de- 
scribed the operation of such treatment 
plants in England and the United States. 
An interesting discussion followed in which 
Messrs. Coburn, Fair, Edwards and 
Bogren took part. The meeting adjourned 
at 8.40 P.M. 

RateH M. SOUwLE, Clerk. 


Designers Section 


Apri 14, 1937. — The April meeting of 
the Designers Section was held at the So- 
ciety Rooms on April 14, 1937, at 6.30 P.M. 

The Secretary’s report of the March 
meeting was read and approved. 

It was then — 

Voted, To approve the recommendation 
of the ‘‘Committee on Relations of Sec- 
tions to the Main Society,’”’ that Article 
II, Membership, of the By-Laws of the 
Sections be amended so as to read as 
follows: 


ArTIcLE II. — Membership 


SEcTION 1. Members of the Boston 
Society of Civil Engineers in all grades 
shall be members of the Sections except 
that membership in the Northeastern Uni- 
versity Section is limited to members of 
the Society in all grades, who are students, 
graduates, or members of the Faculty of 
Northeastern University. 

SECTION 2. Only members of the 
Northeastern University Section who are 
students at Northeastern University are 
eligible to hold office in that Section. 


t Transfer from Grade of Student. 
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This approval was forwarded to the 
Secretary of the Main Society. 

The Chairman then introduced the 
speaker of the evening, Mr. John C. Moses, 
Engineer for the State Department of 
Public Works, and a member of the Sec- 
tion. Mr. Moses spoke on ‘‘The Repair of 
Flood-Damaged Bridges.’’ The talk was 
illustrated with pictures. 

The meeting adjourned at 7.40 p.m. 

The attendance was thirty-one. 

J. D. Mitscu, Clerk. 


May 12, 1937.— The May meeting of 
the Designers Section was held at the So- 
ciety Rooms on May 12, 1937. The Sec- 
retary’s Report of the April meeting was 
read and approved. 

The Chairman then introduced the 
speaker of the evening, Mr. Miles N. Clair, 
Vice-President of The Thompson and 
Lichtner Company, Inc. Mr. Clair gave 
an interesting talk on ‘“‘The Relation of 
the Testing Laboratory to the Engineer 
and Architect.’’ The talk was illustrated 
by slides showing the instruments and 
methods used in the modern testing labo- 
ratory. 

A question period followed the talk and 
the meeting adjourned at 9 P.M. 

The attendance was forty-five. 

J. D. Mirtscu, Clerk. 


Northeastern University Section 


_ May 26, 1937. — A regular meeting of 
the Northeastern University Section of 
the Boston Society of Civil Engineers 
was held in Room 201 L on Wednesday, 
May 26, 1937. The meeting was called 
to order at 1.30 p.m. by Vice-Chairman 
Lester S. Perry, who announced that at 
the close of the meeting election of officers 
for the year 1937-1938 would be held. 

A natural-color talking picture of high- 
way construction in California was re- 
ceived with great enthusiasm, especially a 
portion of the film depicting the preva- 
lence of natural physical curves. 

At the conclusion of the picture, the 
following Division B members were unan- 
imously elected to office: 
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Vice-Chairman — Peter R. Vandersloot. 

Vice-Clerk — Lewis W. Pollard. 

Executive Committee — Orland T. Prit- 
chard, Daniel J. Putzel, Jr. 


ROBERT C. SANDERSON, Vice-Clerk. 


APPLICATIONS FOR 
MEMBERSHIP 


[July 1, 1937] 


Tue By-Laws provide that the Board 
of Government shall consider applications 
for membership with reference to the 
eligibility of each candidate for admission 
and shall determine the proper grade of 
membership to which he is entitled. 

The Board must depend largely upon 
the members of the Society for the infor- 
mation which will enable it to arrive at a 
just conclusion. Every member is there- 
fore urged to communicate promptly any 
facts in relation to the personal character 
or professional reputation and experience 
of the candidates which will assist the 
Board in its consideration. Communica- 
tions relating to applicants are considered 
by the Board as strictly confidential. 

The fact that applicants give the names 
of certain members as reference does not 
necessarily mean that such members en- 
dorse the candidate. 

The Board of Government will not con- 
sider applications until the expiration of 
fifteen (15) days from the date given. 


For Transfer from Grade of Junior to Grade 
of Member 


MacponaLp, GEORGE ALLO, River 
Edge, N. J. (b. June 15, 1908, Salem, 
Mass.) Was graduated from Northeastern 
University, 1930, with degree of bachelor 
of civilengineering. Experience: Co-opera- 
tive periods, April, 1927, to September, 
1927, with Charles R. Berry, civil engi- 
neer, assistant on field engineering, 
draftsman and chief of party on surveys; 
October, 1927, to June, 1930, with New 
York, New Haven & Hartford Railroad, 
alternating five-week periods, as rail in- 
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spector and chainman on Waterbury, Bos- 
ton and Providence Divisions; July, 1930, 
to September, 1930, with Massachusetts 
Department of Public Works as Grade II 
civil engineer; October, 1930, to date, 
with Westinghouse Electric and Manu- 
facturing Company as student engineer; 
engineer in transportation and central 
station departments on solution of prob- 
lems pertaining to railroad electrification, 
high-speed, self-propelled trains, and cen- 
tral power and industrial power plants. 
Now sales engineer, New York office, 
Westinghouse Electric and Manufacturing 
Company. Refers to H. B. Alvord, C. O. 
Baird, Jr., C. S. Ell, E. A. Gramstorff,G. H. 
Meserve. 


ADDITIONS 
Members 


PauLt N. ANDERSON, 19 Kosta’ Street, 
Worcester, Mass. 

WittiAm R. BENFoRD, 17 Observatory 
Avenue, North Providence, R. I. 

ALBERT G. Dietz, Massachusetts Insti- 
tute of Technology, Room 1-230, Cam- 


bridge, Mass. 
Litt1an F. Epwarps, South Orleans, 
Mass. 


VIKING ENEBUSKE, 397 Commonwealth 
Avenue, Boston, Mass. 

Daniev C. Frost, 66 Mountain Avenue, 
Bloomfield, N. J. 

Howarp E. Gate, Jr. 35 Moultrie Street, 
Dorchester, Mass. 

Lesie J. Hooper, Holden Street, Holden, 
Mass. 


CHARLES V. Maccario, 970 Salem Street 
Malden, Mass. 

WALTER F. MAcpONALD, 173 Davis Street, 
Wollaston, Mass. 

ALDEN S. MarsLe, Pearl Hill Road, 
Fitchburg, Mass. 

A. ALBERT MINICHIELLO, 18 Ashley Street, 
East Boston, Mass. 

Hermon S. Swartz, 97 Dalby Street, 
Newton, Mass. 


Juniors 


Wiiiiam A. Grapy, 17 Sheridan Circle, 
Winchester, Mass. 

FRANKLIN P. PARKER, 119 College Ave- 
nue, Danville, Va. 

WILFRED C. Pitts, 66 Warrington Street, 
Boston, Mass. 

WiLtiAM A. REDFIELD, R. D. No. 1, 
Middletown, N. Y. 


Students 


FRANK R. Damassa, 76 Westland Avenue, 
Suite 7, Boston, Mass. 

Paut C. DaAnrortH, 9 Gould Street, 
Danvers, Mass. 

Harry L. HucuHes, 64 Sumner Road, 
Brookline, Mass. 

Burritt F. Lergatron, 506 Ash Street, 
Brockton, Mass. 


DEATHS 
JosEPH DRISCOLL May 26, 1937 
Harrison P. Eppy June 15, 1937 
CHARLES H. EGLEE . July 4, 1937 


LEONARD C. WASON . April 30, 1937 
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FRED A. HOUDLETTE & SON, INC. 


Cast Iron Pipe and Special 
Castings 


RICHARDSON & GAY 
Consulting Engineers 


Reports - Estimates - Plans - Specifications 
Power - Heating 
Ventilation - Electrical 
Sanitary - Waterworks 
Supervision 


12 PEARL STREET - - BOSTON, MASS. 


Corrosion Acid Proof 
High Silicon Pipe 


Chemical Castings 


88 TREMONT STREET, BOSTON 


THE CHAPMAN VALVE! H. F. BRYANT & SON 


MFG. COMPANY 
71 A Street - BOSTON, MASS. 


Consulting Engineers 
CIVIL - ARCHITECTURAL - LANDSCAPE 


VALVES 
FOR ALL SERVICES 334 WASHINGTON STREET 
SLUICE GATES - SHEAR GATES BROOKLINE 


FLAP VALVES BRANCH AT WEST DENNIS, MASS 


ASPHALTS 


FOR 


ALL PURPOSES 
STANDARD OIL OF NEW YORK 


DIVISION OF 


SOCONY-VACUUM OIL COMPANY, INC. 


31 ST. JAMES AVENUE 


BOSTON. MASS. 
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EQUIPMENT MANUFACTURERS’ 7 
FOR SALE AND RENT AGENT Specify 


ABERTHAW ComPANY 
EQUIPMENT DIVISION 
SPECIALISTS IN CONSTRUCTION EQUIPMENT : 
OF ALL KINOS TREATED CEMENTS 
133 SOUTHAMPTON STREET for Strength and Durability 


BOSTON, MazaSS., 
3 700 Write for Details 


6 
J. M. SOKOLL TEL. HIGHLAND 7 
Geihhen *) S702 | DEWEY & ALMY CHEM. CO., CAMBRIDGE 


Telephone LIBerty 5237 


Hooper Boiler Setting Service, Inc. 


SPECIALISTS ON 
Refractory Construction and Repairs 


BOILER SETTINGS — STILLS 
FURNACES — KILNS 


10 HIGH STREET BOSTON, MASS. 


McNULTY ENGINEERING CO. 
McCULLOCH MFG. CO. 


Mechanical Engineers 
and 


RICHARD D. KIMBALL CO. 


Consulting and Designing Engineers 


Mechanical, Electrical and Sanitary 


6 BEACON STREET 
BOSTON, MASS. 


eee rte er AL 


Sale and Installation of Pumping 
Equipment 


F. A. MAZZUR CO., INC. 
Contracting Engineers 
Water Works Installation 
141 MILK STREET BOSTON 


WATER METERS - STOPS 
AND FITTINGS 
ALTITUDE VALVES 


Water Pressure Regulators 


UNION WATER METER COMPANY 


WORCESTER, MASS. 


General Machinists 


Manufacturers of Sewage Regulators and Timber 
Tide Gates as well as General Machine and Repair 
ork 
TELEPHONE SOU 1873 
200 OLD COLONY AVE. SOUTH BOSTON 


BLUE PRINTS DIRECT WHITE PRINTS PHOTOSTATS 


Mopern BuuE Print Go. 


Engineers’ and Architects’ Supplies 
Instruments and Equipment 
Drafting Room Furniture 
51 CORNHILL - -« BOSTON 
CAPITOL 1277, 1278, 1279 


BUFF PRECISION 


THE THOMPSON & LICHTNER C0., INC. is continuously in the 


. forefront 
Engineers 
J All Makes Repaired 
Designs and Engineering Supervision aiReasonable (Gost 
Investigations, Testing and 
Inspection of Structural Materials Buff & Buff Go: 
Cc ete Quality Control : ‘ 
Rariseine and Production Service Jamaica Plain, Mass. 
Jamaica 0370 
OficesandLaboratory, 620 NEWBURY ST., BOSTON, MASS. we Messenger willl call 
J. F. Fitzgerald Construction Co. Roy B. RENDLE & Co., INC. 
INCORPORATED 


C B Id PILE DRIVING, WHARF AND 
ontractors ullders oF tere GitniNe 


214 ESSEX STREET 


CORNER OF ATLANTIC AVENUE 
BOSTON, MASS. 


364 BORDER STREET, EAST BOSTON 


TEL. 0490-0491 EAST BOSTON 
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COMPLIMENTS OF 


GENERAL CABLE CORPORATION 


NEw ENGLAND DISTRICT 


89 BROAD STREET 
BOSTON 


EDSON CORP. 


DIAPHRAGM PUMP SPECIALTIES 


Hand Pumps. Heavy Duty and Light Port- 
able Power Pump Outfits 


EDSON 
Special Suction Hose Red Seal Diaphragms 
Pump Accessories 


Main Office and Works 
Tel. South Boston 0341 


49 D Street, South Boston, Mass. 


S. MoRcAN SMITH CoMPANY | NATIONAL GuNITE ConTRACTING Co. 


LICENSEE FOR 


THE PRELOAD SYSTEM CO. 
Crack Proof Tanks, Pipe Lines, etc. 
—— GUNITE CONSTRUCTION —— 
82 WEST DEDHAM STREET 
BOSTON 


Tue National Meter Company 


368 Congress Street 
BOSTON 


Water, Oil and Gasoline Meters 


BROOKLYN CHICAGO SAN FRANCISCO 
LOS ANGELES DALLAS 


Manufacturers of 
Hydraulic Turbines 
and Accessories 
Rotovalves - Fabricated Steel 


176 FEDERAL STREET BOSTON, MASS. 


Charles Bruning Company, Inc. 


BLUE PRINTING 
Black & White Prints (B & W) 
Drafting Materials 
Surveying Instruments 
72 SUMMER STREET, BOSTON 

Telephone LIBerty 2862 


CHICAGO PUMP COMPANY 


Sewage, Water, Heating and Power Plant Pumps 


PACIFIC STEEL BOILER DIVISION 


Low Pressure Heating Boilers 


JAS. P. MARSH CORP. 


Heating Specialties, Valves, Traps, Etc. 
Represented by 


L. J. TIERNEY COMPANY 


10 High Street, Boston HANcock 7924 


CINUCOR 


The Building Unit of Tomorrow 
Firesafe, Lightweight, Highly Insulative 


A PERFECT BOND FOR PLASTER 


CINDER CONCRETE UNITS Ine. 


Middlesex Avenue, Somerville, Mass. 
Tel. SOMerset 2752 


ENGINEERING 
SURVEYING & MINING 
INSTRUMENTS 


C.L. BERGER & SONS 


INC. 
37 WILLIAMS ST., BOSTON, MASS. 


CAMBRIDGE MACHINE & VALVE INC. 


Binney and Potter Streets 
CAMBRIDGE, MASS. 
Gate Valves - ‘‘Approved’’ Fire 
Hydrants - Sluice Gates 
All types of Operating Mechanism 
Shear Gates - Flap Valves - Etc. 


TELEPHONE KIRKLAND 4140 


UNITED CORK COMPANIES 


716 Columbus Avenue 
BOSTON, MASS. Tel. GARrison 3740 
Manufacturers and Erectors of 


UNITED’S CORK INSULATION 
100 Per Cent Pure — U. S. Govt. Standard 


All Types of Cold Storage Construction - Re- 
frigerators - Cold Storage Doors - Cork Pipe 
Covering - Cork Tile Floors - Acoustic 
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ANTHONY ROSS & SON, Inc. | THE BOSTON BRIDGE WORKS, Inc. 


Public ao Contractors 301 Binney Street 
ince 1890) 
Water Works, Sewerage and peo SE MASS: 
Sewage Disposal Manufacturers and Erectors of 
Office and Yard STEEL BRIDGES AND BUILDINGS 
173 Bedford Street - Lexington, Mass. Since 1876 
Tel. LEX. 1032 JOHN G. ANDREWS, Pres. HENRY V. MORGAN, Treas. 


Planographic Reproductions 
(Photo Offset Printing) 
in any quantity 
THE ALDEN PRESS 
PRINTING 
217 FRIEND STREET, BOSTON 
Telephone CAPitol 4530 


BUILDERS IRON FOUNDRY |SCIENTIFIC BOOKS 
Metering and Controlling Equipment AND PERIODICALS 


for Water Works, Disposal Plants, 
and Industrial Use 


Venturi Meters, Chronoflo Meters, 
Globe Special and A. W. W.A. Fittings 


9 CODDING STREET 
PROVIDENCE, R. I. 


RENDLE CONTRACTING COMPANY | EASTERN CLAY GOODS 
163 Meridian Street COMPANY 


East Boston, Mass. NEW ENGLAND BRANCH OF THE ROBINSON CLAY PRODUCT CO. 


a Ae B 135 NORTH BEACON STREET 
Pile Driving, Wharves, Bridges BRIGHTON DISTRICT, BOSTON, MASS. 
and Jetties 


Telephone Stadium 8900 
Lighters and Barges to Rent VITRIFIED CLAY SEWER PIPE 
TEL. EAST BOSTON 2426 


SEGMENT BLOCK - LINER PLATES 
Somerset Printing Qn. te Oberg Baemecring (on 
ComMMERCIAL PRINTING 


Rockland, Mass. 
Speed your business on its way 


: Manufacturers of 
Speed your printer every day 


VALVES —HYDRANTS— SLUICE 
CALENDARS FOR 1938 TRADE GATES—SHEAR GATES—FLAP 
TIME TO ORDER YOUR DESIGN 


-T-O-E-C-| ann PLUG VALVES —HOISTS 
221 HIGH ST., BOSTON TEL, Lis. 3925 


GEO. MCQUESTEN Co. 
LUMBER 


OF ALL SPECIES AND GRADES 
FOR CONSTRUCTION AND INDUSTRIAL USES 


N. E. LICENSEES TECHNICAL DATA 
TIMBER ENGINEERING CO. ON REQUEST 


EAstT BOSTON, MASs. 


THE OLD CORNER BOOK STORE 


50 BROMFIELD STREET 
BOSTON, MASS. 


age ALL TYPES— BRASS GOODS 
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‘Harry E. Sawreit 


olds, 


era F. Brittain 
M. nae 
‘ LeRoy M. HER: 


(Term expires rial 1938) 


COMMITTEES 


NOMINATING COMMITTEE 
Past Presidents (Members of the Committee) 


Ratre W. Horne ARTHUR W, DEAN 
Henry B. ALvorp 
GEORGE C, Lan 
ALBERT E, KLEINER’ 


(Term expires Herel, 1939) 


SPECIAL COMMITTEES 
Program 


ArtHur D. Weston, Chairman, ex officio 


SAMUEL M. ELLsworTtH 
ALBERT HAERTLEIN 
Everetr N. Hurceins 
HERBERT D. HuRLEY 


H. B, KInNnison 
. Kart R. KENNISON 
WILLiam F. UL 


Publication 


Everett N. Hurcsins, Chairman 


J. SruaRt CRANDALL 


Epwarp F. KELLEY 


Gorpon M, Fair Watpo F, PIKE 


Membership and Publicity 
H. P. Eppy, Jr., Chairman 


A. B. Epwarps K. C, ReyNoLps 
G. A, GRAVES F. N. WEAVER 
L. M. HeRsuM 


Library 
EuGENE MIRABELLI, Chairman 
Kmwspatt R. GARLAND 


Social Activities 


Joun H. Harpinc, Chairman 
JoserH D. GUERTIN 


\ 


Relations of Sections to Main Society 


Ricuarp S. HoLMGREN 


J. Stuart CRANDALL 


H. K. BARRows 
H. P. BuRDEN 
R. W. Horne 
S. S. Kent 


CHARLES M. ALLEN 


Frank E. WINsOR 


Herman G. Dresser, Chairman 


ALEXANDER J. BoNE G. L. CHENEY 


Membership Records 
Joun B. Bascock, 3p, Chairman 


A. B. EDWARDS Everett N. HurTcHins 


Run-Off 
Artuur T. SAFFORD, Chairman 


F. H. KincsBury L, B, Purrer 
H. B. KInnIson H. M. TURNER 
R. R. MARSDEN W. F. Unt 
Wirtram Noyes F. E, WInsoR 


Welfare 
Ratpx W. Horne, Chairman 


John R. Freeman Fund 
CHARLES T. MAIN, Chairman 


RosBeRT SPURR WESTON Howarp M. TURNER 


Desmond FitzGerald Award 


ALBERT HAERTLEIN, Chairman 


Caries J. O’DoONNELL 


1936 Flood Committee 
Howarp M. Turner, Chairman 


(See April, 1936, JourNat for Complete Membership) 
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Field and Office Equipment and Sapplieg 


FOR THE ENGINEER ol 
ARTIST SUPPLIES 


Instrument 
Repairing 


New and 


Used 
Transits 
and | ye 4 vibe 
Levels | . _b fa Blaeprinal 
Z| PAPER 
: 
Blue Prints 
7 
Blue Lines Black Lines’ 


Photo aa 


DRAFTING ROOM ‘FURNITURE 


B. L. MAKEPEACE, Inc. 


387 WASHINGTON STREET - 462 BOYLSTON STREET 
STREET FLOOR STORE .- 10 BROMFIELD STREET 
(with Entrance aleo at 373 Washington Street) 
BOSTON, MASS. 
Sole New England Agents for Keuffel & Esser Co. 
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